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The rationale of this research is to assess the vulnerability and impacts of climate 
change and population change to the society. The social impact of climate change 
considered under this study is the increasing risk of water conflicts. The future 
vulnerability to the increased risk of water conflicts under climate change was assessed in 
terms of sensitivity and adaptability of countries to the risk of water conflicts. Water 
conflict is a conflict which necessarily has its root causes in water related issues. 
However, the use of the term “Conflict” ranges from the situation commonly referred to 
as an argument, also to armed situations as well. 
Water availability was assumed as the simulated annual average river discharges 
of horizontal resolution 0.5 degrees, which is available for the use of the population in the 
0.5 degree grid. Data were obtained from the University of Tokyo, from the Total Runoff 
Integrating Pathways routing scheme under four climate scenarios, 20c3m for the present 
climate until 1999, and for future scenarios A1b, B1 and A2 until 2100, under four 
GCMs: CCSM3, MIROC3.2, CGCM2.3.2 and UKMO. The countries with different 
adaptabilities to the increased risk of water conflicts were first identified using a 
classification method, which considers economic, social and physical parameters other 
than simple water availability directly affected by climate change. Within these conflict 
adaptability country groups, the inter-relation of water availability and the inequality of 
the water resources distribution, which are factors directly affected by climate change 
with the probability of water conflicts was investigated. Water conflicts models were 
derived and were validated for each water conflict adaptability country group, aiming to 
estimate the probability of water conflicts and the change in the likelihood of water 
conflicts thereby, because of climate change. Utilizing the validated water conflict models, 
the future vulnerabilities of countries to the increased risk of water conflicts were 
estimated. The plausibility of the results was confirmed across scenarios and in 
confirmation with the IPCC terminology for the classification of likelihood of an event. 
Within the 136 countries classified, only 116 countries of the classification could 
be confirmed, with a comparison to present conflict occurrences. Thirteen water conflict 
adaptability groups were identified. The two highest conflict adaptability groups, with 
countries of low groundwater dependency (<50%) and high external water dependency 
(>30%) together with the lowest adaptive capacity (GNI per capita < 13 195 International 
Dollars, PPP) were classified with above 54% accuracy. The five adaptability groups with 
lowest water conflict adaptability have a total ability to address water conflicts in south 
and Southeast Asia, Africa and South America. Inside the country groups similar in 
adaptability to the increased risk of water conflicts, the inter-relation of per capita water 
resources of a country and the inequality in distribution of the resource was explored. 
Conflict model derivation was conducted for 1990, and validation was conducted for the 
year 2000. Country groups with the lowest adaptability to water conflict incidence, the 
CG1, CG2, CG3 and CG4 groups, showed significant associations with model 
coefficients for Logit regressions on the near-future water-conflict indicators 5-year 
conflict and 5-year conflict risk. Inequality in per capita water distributions was highly 
associated with these two water-conflict variables. Country groups classified as having 
both the lowest economic capacity (per capita GNI (ppp) lower than 13195 International 
Dollars) and the lowest per capita water availability (CG1 and CG3) showed an 
increasing probability of low-level and volatile water conflicts with increasing 
inequalities. Inequalities were highly significant in estimating volatile water conflicts in 
these two adaptability groups, whereas the odds of low-level conflict incidence were 
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higher than those for the incidence of volatile water conflict. In indicating the incidence 
of water conflicts, the interactive country groups CG10, CG11 and CG12 were the best 
modeled, with an overall accuracy of 85.7% and a false-negative rate of 0.0%, whereas 
CG2 had the most modeling errors (a false-negative rate of 66.7% and a false-positive 
rate of 87.5%). However, CG2 produced an overall accuracy of 74.0%. The overall 
modeling of the incidence of water conflicts had an accuracy of 54.1% along with a false-
positive rate of 34.0% and a false-negative rate of 11.9%. 
The sensitivity of the countries utilized for the classification to the parameters 
governing the water conflict models were explored next. The effectiveness of population 
policy to reduce the stress on per capita water was also explored. The risk of low-level 
water conflicts is more sensitive to the population changes than the risk of volatile 
conflicts. In reducing the population stress on the available water resources, population 
policy was proposed as an adaptation measure in the study. The fertility-reduction policy 
assumed was very effective in reducing water stress in the countries suffering from water 
scarcity. They were effective in reducing the area stressed inside countries as well. The 
sensitivity of the countries to climate change impacts on water resources is lower than the 
sensitivity to population stress. 
By combining the adaptability of countries and the sensitivity to climate change 
impacts on water resources, the future vulnerability of countries to the increased risk of 
water conflicts resulted by climate change was assessed. The plausibility of the future 
vulnerability estimates were assured by using the standard likelihood classification of the 
IPCC and by seeking confirmation in all scenarios used: A1b, B1 and A2. Volatile water 
conflicts are virtually certain for Indonesia, and for Angola, they are very likely to 
virtually certain to occur from 200-2100, under all the considered climate scenarios: A1b, 
B1 and A2. Nevertheless, for China, climate change increases the likelihood of volatile 
water conflicts significantly, from about as likely as not in the year 2000, to virtually 
certain in the year 2100, under all the three climate scenarios. Low-level water conflicts 
are not estimated to be virtually certain in conformity with all the three scenarios, A1b, 
B1 and A2. However, for the Russian Federation, it is very likely under all the scenarios. 
For all the other countries, where low-level water conflicts are not unlikely (probability of 
conflict>33%), the likelihood stays below likely and does not increase more than under 
climate change. However, the estimations confirm across the scenarios very well. 
However, the water conflicts changing in intensity is not shown to be a possibility under 
the effects of climate change. 
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CHAPTER 1  
INTRODUCTION 
 
1.1 General Background 
 Melting of the global ice-sheets is likely to weaken the Asian monsoons (Zhishen 
et. al., 2011), which intern will reduce the reliability of the precipitation in South and 
Southeast Asia. Development will lead to more diversified and increased water needs 
among the water use sectors worsening the water scarcities, especially in developing 
countries. Increased need for food production due to population increase will incur the 
highest demand on the water resources (Rijsberman, 2006, Falkenmark & Rockstrom, 
2006), consuming as much as 6800 km3/year (Falkenmark & Rockstrom, 2006), even 
now around the world. More than 40% (World Bank, 2011) dependence on agricultural 
employment makes the developing countries highly vulnerable to any reduction in water 
resource availability. These factors combined will increase the competition for the shared 
water resources in the world. It is more likely that the gradual decrease of water quantity 
and quality will affect the internal instability of countries rather than develop into violent 
conflicts (Wolf, 2007). Nevertheless, on the verge of climate change, especially regions 
with booming populations will face worsened water scarcities, increasing the possibility 
of water conflicts. 
 A number of researches support the water resource root of conflicts. A clear 
relationship has been found between conflicting areas and the spatial distribution of river 
channel network in Africa (Ashton, 2002). Hauge & Ellingsen (1998) provide by far the 
most statistically significant relationship between conflicts and natural resources, 
although it does not aim at international conflicts or water conflicts in particular. Our 
research utilizes a classification of countries by a decision tree approach in combination 
with a multivariate analysis. A contrasting identification of upstream and downstream 
countries’ conflict vulnerabilities is provided by the methodology. Furthermore, the 
timely need of evaluating the social effects of climate change is addressed by this 
research.  
 However, being in countries blessed with water, either in Sri Lanka or in Japan, it 
is hard to imagine how the livelihoods of water-poor nations depend on a water droplet. 
The following news article about the situation in the Middle East during the worst 
drought in a recent 60 year history clearly explains how the society is affected by the 




“So sensitive is the question of water and who will control the area's 
precious reserves in the future that a special negotiating committee devoted to 
the issue has yet to meet. Of course, if Messrs Barak and al-Sharaa were 
representing countries in Western Europe or North America, water might not 
seem like such a big deal.        
   
  But the Middle East is different. It has the lowest per capita water 
supplies in the world and it's in the middle of the worst drought in 60 years. 
Some areas are better off than others, but in the overcrowded Gaza Strip, for 
example, Palestinians have access to 50 times less water than most Americans. 
                                                                         
  The Sea of Galilee, itself, is in trouble. This week's rains have raised 
the water level by 7cm, but it's still well below the red line - the mark below 
which further pumping is thought to represent a threat.    
  
  Last year, Israeli farmers found their allocations cut by more than 
50%. Oddly enough, domestic use was unaffected. There were no hosepipe 
bans.   The spinkler system which automatically waters my 
garden in summer continued to operate as if nothing was wrong. It seems no-
one has ever dared tell the Israeli public to exercise restraint.”  
 (Adams, 2000) 
 
 This account from the BBC news also exhibits the authority which Israel has 
assumed over the regional water resources, most of which are ground water, over the 
other nations sharing the Jordan River system: Jordan, Syria, Lebanon and the West Bank 
and Gaza Strip. The Jordan River system includes the Sea of Galilee, which provides the 
largest surface water abstraction source for Israel and for the West Bank and Gaza Strip 
as well. However, Israel is not the upper-most country of the Jordan River: Syria is. 
However, Syria has long been neglected in the water sharing agreements. Water conflict 
researchers view this as one of the major barricades to enhance peace in the Jordan basin 
(Wolf, 1999).  
 The basic reason behind Israel’s authoritative power over the other Jordan nations 
is the economic strength Israel possesses in contrast to the other nations. Therefore, Israel 
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is capable of maintaining an attitude and the position to defend her authoritative actions in 
the water sharing negotiations. However, the underprivileged West Bank and Gaza 
remain deprived. The following news account again from the BBC explains how the 
present regional cooperation is hindered by this situation. 
 
“Until now, the authorities in Israel have been reluctant to impose 
restrictions on the domestic use of water - even for such luxury uses as 
watering gardens and filling swimming pools.  
Israelis use far more water per head than Palestinians or citizens of 
neighboring countries and the sight of green lawns in mid-summer has 
angered Palestinian residents of the West Bank and Gaza.  
They depend on the same sources as Israel for their water and worry 
about the amount being taken from the Sea of Galilee, and from the 
underground aquifers which lie below the West Bank.  
They also have to live with the fact that that Israel controls the water 
distribution network and can turn the taps on or off at will - in past summers 
the supply to Palestinian areas has been reduced.  
Israel has also cut the amount of water supplied to Jordan, despite past 
agreements.”      (Blunt, 2002) 
 
 Therefore, the findings of this research is expected to appeal and motivate water 
resource managers, government and researchers alike, to build adaptive capacity to future 
climate risks on society, and to establish peace as well. 
 
1.2 Importance of the Study 
In the policy literature and popular press, issues of water and international conflict 
have been linked with increasing frequency (Westing 1986; Elliott 1991; Gleick 1993; 
Homer-Dixon 1994; Remans 1995; Butts 1997; Elhance 1999). Yet despite the number of 
case studies analyzing and comparing water-related conflict in various international river 
basins, little quantitative, global-scale evidence has been compiled. Existing work often 
consists of case studies from the most volatile basins and excludes examination of 
cooperation, spatial variability and precise definitions of conflict. The purpose of the 
Basins at Risk project, from where the water conflict news event data was obtained, is to 
identify historical indicators of international freshwater conflict and, from these indicators, 
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create a framework with which international river basins at potential risk for future 
freshwater conflict may be identified and further evaluated. The following Fig. 1.1 shows 
the evidence of increasing frequency of water conflict events from the recent past. These 
data are directly from the Basins At Risk (BAR) Transboudary Freshwater Dispute 
Database (TFDD, Wof, 1999). After late 1990’s, the frequency of conflicting events in 
many of the international river basins has increased. Therefore, evaluating the effects of 
climate change to the peace of the beneficiarie of these internationally shared water 
courses is a timely requirement. 
In evaluating the future vulnerability of water resources, population increase is 
expected to be far more detrimental than climate change (Vorosmarty, et al., 2000). 
However the global population projections employed to date in climate change research 
have failed to account for the inherent local variations in the natural demographic futures 
(Curtis et al., 2011). This research assumes regionally applied population growth control 
policies, resulting in favorable futures which leave more space for adaptation to climate 
change. Population control may be one of the simplest ways to reduce pressure on shared 
resources (Das Gupta et al., 2011). 
Therefore, this research evaluates the social effects of climate change using water 
resources as primary factors affected by climate change. However, the importance of 
population policy to enhance adaptation to climate change of the critically affected 
communities is emphasized, as a policy application of the study.  
 
1.3 Objectives and Scope 
This research aims to address the social effects of climate change in the global 
scale, aiming to derive generalized conclusions on the involvement of the quantity of 
water resources available to be utilized and its inequality in the spatial distribution. 
However, the methodology is formed competitive enough to deal with the factors 
affecting water conflicts. The objectives of the research are; 
• To identify the local factors and global factors triggering water conflict 
incidence, from literature survey, and form a methodology to generalize the 




• To find the effect of water resources and its inequality and therefore of 
climate change on water conflicts, as a social effect of climate change, and 
to validate the findings. 
• Applying the methodology to estimate the future effects of climate change to 
the society in the means of the risk of water conflicts. 
Fig. 1.1 The frequencies of water conflict events have increased in many major 
international river basins around the world. The events are shown as “Water conflict 
event” (1) and “No conflict event” (0) in the figure. Please notice since late 1990’s water 
conflict events have increased in frequency, compared to the early 1990’s, when the 

















































CHAPTER 2  
LITERATURE REVIEW 
 
 Water conflicts are essentially caused by issues directly related to sharing water 
resources, as defined by this research (Chapter 3) and by other researchers (Gleick, 1993) 
as well. Even though conflict research defines an armed conflict by the number of deaths 
resulted in a pre-defined duration, what is focused on here are not armed conflicts. Water 
conflicts may not even result in an armed conflict or a war (Wolf, 2007). What is called a 
water conflict under this study varies from the state commonly referred to as a dispute in 
water sharing to an armed conflict as well. However, seeking climate changes’ 
contribution to the increase in frequency (ie. An increased probability of water conflicts) 
of water conflicts (Wolf, 1999, discussed in Chapter 1), puts an added requirement to 
explore the water conflict onset, rather than its development. Therefore, armed conflicts 
could be expected to be more of an unlikely event, which directs to a water conflict with 
an extreme intensity. Gleick (1993) stands out from other water conflict research, which 
distinguishes the conflicts which are caused by water from the ones where water has been 
used as a weapon (eg. to weaken the enemy in a war).  This research provided the 
imperative in picking the most relevant sample of events in the international water 
sharing events database utilized in the study. 
 
2.1 The local and global factors influencing or causing water conflicts 
The same pattern of conflict management should not be applied to different 
geographical areas in the world because a significant variation in the resource availability, 
use and institutionalization creates different local environments for riparian conflicts 
(Hensel et al., 2006). Similarly, cooperation research suggests that cooperation among 
riparian states is easiest when they have compatible needs (Song and Wittington, 2004). 
Song and Wittington (2004) have grouped country pairs by independent variables (per 
capita GDP population size, the continent in which the river is located, and the number of 
riparian countries sharing the river) based on their similarity and heterogeneity to 
investigate the effects of these factors on the dependent variable of negotiating a treaty (or 
no treaty). It was concluded that a country pair in Africa or Asia is less likely to have 
negotiated a river treaty than a country pair in Europe. Stahl (2005) classifies the 
dependent variable – water-related international relations – based on different patterns of 
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the event histories and then classifies the dependent variable again by the homogeneity of 
explanatory hydro-climatic variables (the aridity index, mean  
annual precipitation, spatial variation of precipitation, inter-annual variability in 
precipitation and seasonal variability of precipitation) and finds that the influence of high 
water stress is strongest in arid and semi-arid regions, whereas the influence of economic 
and political factors on international relations over water is strongest in the humid regions. 
Hydro-climatology and population density generally have a greater influence in dryer 
climates while economic conditions and political regime dominate the WIR classification 
in wetter climates. WIR with violent conflict are only found on the “dry” side of the 
classification tree, but other groups are found there as well and the classification depends 
on other combined influences. In humid regions, combinations of GDP, DA and hydro-
climatic indicators determine mainly whether neutral or cooperative events dominate the 
international relations over water. 
Different variables can describe hydro-climatic conditions that may indicate 
resource scarcity and hence influence a region’s risk for conflict or potential for 
cooperation over freshwater. Water availability is often combined with a social factor into 
supply-demand ratio (Gleick, 1993) or a water stress index Falkenmark, 1989). The use of 
these indices as explanatory variables in statistical analyses implies the assumption that 
the variability of the individual factors in time and space is irrelevant. However, the 
Fig. 2.1 A general environmental conflict model generated by sources of environmental 
scarcity. However, in the case of water conflicts, the resource under consideration is water. 
(Source: Homer-Dixon, 1994) 
Social effects  Sources of 
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influence of spatial and temporal variability has recently been highlighted. Nevertheless, 
as identified by the resource conflict research, while these basic sources of environmental 
scarcity (Fig. 2.2): decrease in quantity and quality of renewable resource, population 
growth and unequal resource access cause the onset of resource conflicts, the social 
effects (Ethnic conflicts, coups d’état, and deprivation conflicts) resulted in depends on 
the localized factors which affect and interact with each other, which also are unique for 
the region or the country. Because this study is considering the deprivation conflicts of 
water: water conflicts, the political variable- weakened states (Hauge and Ellingsen, 
1998) were neglected from this model. The following table (Table 2.1) provides a 
summary of the factors affecting the onset of water conflicts, available in resource 
conflict research. 
 
Table 2.1  The factors affecting the onset of water conflicts in literature 
Factors affecting water 
conflict onset 
Affecting scale either 
Global/ local 
Reference 
decrease in quantity and 
quality of renewable 
resource 
Global 
Gleick, 1993; Homer-Dixon, 1994; 
Hauge et al., 1998; Song et al., 
2004; Stahl, 2005; Hensel, et al., 
2006; Theisen, 2008 
population growth Global Homer-Dixon, 1994; Hauge et al., 1998 
unequal resource access Global Homer-Dixon, 1994 
Origin of resource  Local  Gleick, 1993, Gleditsch, 1998 
Type of access to 
resource Local Gleick, 1993, Gleditsch, 1998 
Economic productivity Local 
Mueller, 1989, Gleditsch and 
Sverdrup,  1996; Hauge et al., 1998; 
Song et al., 2004; Stahl, 2005; 
Hensel, et al., 2006 
migration Local Homer-Dixon, 1994 





2.2 Inequality in the Distribution of Water Resources as a Potential Root of Water 
Conflicts 
 Inequality in water distribution as a potential root factor for water conflicts has 
never received much attention in the literature, even though inequality in income has been 
considered a primary cause of social conflict. However, Ashton (2002) discovers a 
remarkable correspondence between the distribution pattern of perennial lakes and rivers 
and the locations where some form of dispute or conflict has occurred, or has been 
threatened (Fig. 2.1), either over availability of water or over some aspect of water supply. 
In addition to climatic variability, a significant proportion of the continent’s water 
resources are comprised of large river basins or underground aquifers that are shared 
between several countries. The countries sharing these water resources often have 
markedly different levels of social, economic and political development, accompanied by 
very different levels of need for water. The wide disparities between socioeconomic 
development and needs for water further complicate the search for equitable and 
sustainable solutions to water supply problems (Ashton, 2000). Several African countries 
have already reached or passed the point considered by Falkenmark (1989) to indicate 
severe water stress or water deficit, where the scarcity of water supplies effectively limits 
further development. Equitable access to sufficient water to sustain basic human needs 
(variously estimated at between 25 and 40 L person–1 day–1) is recognized as a 
Fig. 2.2 The diagrammatic map showing the locations of actual or potential water-related 
conflicts in Africa (Ashton, 2002). Ashton finds a remarkable correspondence between the 
distribution of the perennial river and lake network and the locations of conflict in Africa. 
N 
Locations of actual or 
potential conflicts 
River channel network 
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fundamental right of all peoples (Gleick, 1999, Lundqvist, 2000). However, while this 
principle has been endorsed implicitly in international conventions, it seems that 
differences of opinion over the quantity of water required to support basic human needs 
have prevented explicit endorsement and approval (Lundqvist, 2000). Even though the 
significance of equitable water distribution and access is clearly acknowledged by the 
international community, its practical application has been limited due to the lack of 
norms and input provided by the field of research. Conflict researchers have suggested 
inequality in the social distribution of water resources as future avenues of research 
(Theisen, 2008). Climate change studies suggest that although the average water 
availability might increase until the mid-21th century, reductions in water availability will 
occur in already water-scarce regions (IPCC, 2007). Therefore, the spatial distribution of 
water can be expected to become more skewed not only in Africa but also in most water-
scarce regions in the world. The predicted increased occurrence of extreme events would 
cause water to be poorly distributed over time as well (IPCC, 2007). Therefore, at a time 
when global institutional resilience is being questioned in terms of low flexibility to adapt 
to the changing climate (Wolf, 2007), addressing the link between inequality in water 
distribution and the onset of water conflicts is critical. None of the above-described global 
studies testing the links between water availability and water conflicts (Gleick, 1993; 
Song et al., 2004; Stahl, 2005; Hensel, et al., 2006), including armed conflicts (Hauge et 
al., 1998; Theisen, 2008) have examined the link between water resource inequality and 
conflicts in terms of relative deprivation of water resources. Therefore, to accommodate 
the timely need of exploring and evaluating the link between water conflicts and the 
inequality in its distribution is addressed in this research. 
 
2.3 The Quantity of Water Available as a Potential Root of Water Conflicts 
 
Between 374 and 1661 million people are projected to experience increased water 
stress by 2020 (Arnell, 2004) in response to the combined effects of population growth 
and climate change. Vorosmarty (2000) compared the water use-to-availability ratio in 
2025 to that of 1985 and concluded that the combined effect of population change and 
climate change will be detrimental in most regions by 2025.  The regions where 
reductions in water stress are expected are northeastern North America, South and 
Southeast Asia, northern China and Mongolia. In these regions, both the impact predicted 
by global climate models (GCMs, Milly et al., 2005) and the agreement among the GCMs 
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with regard to the magnitude and the direction of the change (Arnell, 2004) are low.  
Glacial termination research predicts weaker monsoons in South and Southeast Asia 
(Cheng et al., 2009; Zhisheng et al., 2011), supporting the projections of the global 
studies. However, the economic and social costs borne by people experiencing increased 
water stress could be much higher than the economic and social benefits accruing to 
people experiencing decreased water stress (Arnell, 2004). 
High water stress has been demonstrated to have statistically significant causality 
for low levels of civil war and armed conflicts (Hauge et al., 1998). Fig. 2.2 shows a 
generally accepted model for environmental scarcity and conflict. The main sources of 
environmental scarcity are the decreasing quantity of the renewable resource, population 
growth and finally, the unequal access, or the inequality of the resource. In river 
management, high water stress significantly increases the risk of militarized conflict over 
the river claims and facilitates third party involvement in the issues (Hensel et al., 2006). 
The evidence that high water stress is a key causal factor in water conflicts is abundant in 
conflict studies with a global perspective (Gleick, 1993; Stahl, 2005).However, these 
models are all derived from case studies. A comprehensive study on the general roots of 
water conflict; considering above three root factors has not been conducted so far, with a 
large sample of cases, allowing adequate control cases as well, to reach solid conclusions 
of the effects of these root factors to the risk of water conflicts. However, apart from these 
general water conflict triggers, the local factors that influence, or directly cause water 
conflicts, usually causing the spatial-autocorrelation effect in statistical models, has to be 








CHAPTER 3   
BASIC DEFINITIONS, METHODOLOGIES AND DATA 
 
This chapter describes the basic definitions utilized in the research, the 
methodologies and the data. Even though the basic definitions and the basic data sets are 
discussed in length here, the methodology provided here is a summary of the employed 
methodologies, which enables the reader a better understanding of the flow of the 
following chapters. The respective methodologies are discussed in length under each 
chapter. 
The main objective of this research is to find a suitable indicator to explore the 
effects of climate change on water conflicts. After forming the indicator and validating, 
the application of the indicator to estimate the future risk of water conflicts is also shown 
using projected futures. The basic definition of a water conflict is discussed first. The 
basic methodologies and data are discussed later on in the chapter. 
 
3.1 Basic Definitions 
3.1.1 The definition of a water conflict and the data used 
Although many conflict researchers have explored the roles of economic, political 
and resource factors to armed conflicts or civil conflicts, our focus is different. We use 
the term “water conflict” to describe a conflict that necessarily has its roots in issues of 
water resources. However, the intensity or the level of conflict can range from the non-
violent form, generally referred to as a “dispute”, to violent conflicts. Therefore, our 
research interest requires understanding the lower levels of conflict, which could not be 
achieved through the use of global databases on wars and armed conflicts. The 
International Water Event Database of the Transboundary Freshwater Dispute Database 
(TFDD; Wolf, 1999) more specifically addresses our research interests, providing the best 
global coverage of events between countries sharing international rivers. According to our 
research focus and the data utilized, Ohlsson’s (2000) definition of a “water conflict” was 
modified as follows. 
Let us imagine a situation in which country A, which shares the same watercourse 
(a river or a groundwater system, Wolf, 2007) with country B (one or more other 
countries), is negotiating with country B to address their incompatible needs for the 
shared water. If, within a year (starting from January 1st to December 31st), country A is 
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unable to reach a solution to the water-sharing issue at hand with country B, then country 
A is considered to have a water conflict with country B in that specific year. Otherwise, it 
is assumed the two countries are not in conflict. 
The terms “reach a solution” and “water-sharing issue at hand” demand further 
explanation. Water conflict resolution can be short term or long term, lasting for decades. 
In the short-term case, a conflict can be seen as solved when its most direct causes have 
been addressed. In this case, the conflict may have simply become latent if the provided 
solutions failed to address the fundamental causes of the conflict. The conflict will 
resurface when the root conditions are favorable (Wolf, 2007). Because the timeline 
under consideration is only one year, the “water-sharing issue at hand” could have been 
caused by both the most direct causes to the current water conflict and the fundamental 
causes. If the issues were resolved within the particular year, the countries involved in the 
conflict are considered to have “reached a solution”. The international relations between 
countries A and B were explored in the year of concern to determine whether they are in 
conflict or not. A binary dummy variable C, which depends on the nature of the 
international relations between countries A and B, was utilized to indicate water conflicts. 












 In order to make our decision (0 or 1), the development of the negotiation process 
throughout the year was considered, given high consideration to the latest development 
during the year. However, a certain limitation was required for the types of relations over 
water considered. Navigational and political boundary issues were ignored, because the 
independent variables considered as influencing water conflicts, are derivative indicators 
of water availability. 
3.2 Basic Methodologies and Data Used 
3.2.1 The annual average per capita water availability for each 0.5° grid 
The data used for the available water resources is simulated annual average river 
discharge data of horizontal resolution 0.5° of the world from the Total Runoff 
Integrating Pathways (TRIP-1) of University of Tokyo. The discharge out of a grid was 
assumed as the potentially available water resources for the use in the respective grid. To 
minimize any regional biases, data from four GCMs (CCSM3, MIROC3.2, CGCM2.3.2 
and UKMO) were averaged. The data used until 1999 are under the present climate 
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scenario 20c3m, and the projections were considered under three SRES scenarios; A1b, 
B1 and A2.  
To calculate the potentially available water resources per capita per grid, the river 
discharge per grid was divided by the number of people in the grid. The population counts 
per 0.5° grid were from the Centre for International Earth Science Information Network 
(CEISIN, 2010) for the same year, until the year 2000. Afterwards until 2100, population 
projections are being used. These will be discussed under the respective chapters. 
3.2.2 Annual Average per capita water availability for a country 
The potentially available water per 0.5° is assumed as the simulated discharges 
out of the 0.5° grids of the Total Runoff Integrating Pathways (TRIP) of the University of 
Tokyo. The average per capita water availability for a country was derived by extracting 
the horizontal resolution 0.5° grids falling inside the country boundary. The National 
Identifier Grid of the Centre for International Earth Science Information Network 
(CEISIN, 2010) was utilized to extract the grids falling inside each country.  The annual 
average potentially available water per capita for a country was calculated as the 
spatially-averaged 0.5° grid value. The water availability per grid was taken as annual 
river discharges (m3/year) for calculations. However, the original units of the TRIP data 
are kg/s. A density of 1000 kg/m3 was assumed to change units.  
Further information on TRIP such as the construction and the validation could be 
found in Oki et al. (1998) and Oki et al. (2001). 
Fig. 3.1 The annual average river discharges used as potentially available water per 0.5°. 
A unit change has been done from kg/s to m3/s. 
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3.2.3 Inequality in per capita water distributions in a country 
The relative deprivation of water resources is indicated by inequality in per capita 
water distributions in this research. Inequality is measured using the Gini Coefficient, 
which is also utilized as an indicator of relative deprivation of income or wealth (Duclos 
and Araar, 2006). The higher the Gini Coefficient, the higher is the inequality. Usually, 
the Gini Coefficient (G) varies in the range 0-1. Therefore, the inequality in per capita 
water distribution for a country is given by 



















iy yiyμ  
 
Here, yi are the ascending-ordered water resources per capita per grid values, and i 
are their ranks; n is the number of land grids (0.5°) contained in each country. 
3.3 The Basic Flow of the Methodology 
3.3.1 Multivariate classification to identify regional tendencies of water conflicts 
The objective of this research is to find a suitable index to explain the effect of 
climate change to water conflict incidence. Water availability and the inequality in its 
distribution are being identified as only two factors affecting the risk of water conflicts. 
Nevertheless, water conflict s or any conflict has a very complex structure and the factors 
leading to its onset based on the local economical and physical environments. Therefore, 
a methodology to treat these global similarities uniformly, and local dissimilarities 
differently was required. Furthermore, the vast research evidence on the fact that the 
political environment of a country affects the water conflicts was disregarded, as what is 
being addressed here is the ignition of a conflict, not its later development stages. This is 
clear from the definition of water conflict we have adopted; whether there is a water 
conflict or there is not. A multivariate analysis classification of these local and global 
factors leading to a water conflict was conducted aiming to identify the similar countries 
in the economical and physical environmental conditions, which also enabled the 
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utilization of spatial autocorrelation, rather than removing it out of the correlations. This 
is explained in detail under chapter 4. 
3.3.2 The association of water conflicts with per capita water availability and its 
inequality 
After identifying the regional tendencies for the water conflicts, the associations 
of per capita water availability and the inequality of the potentially available water 
resources distribution were explored inside these country groups identified as having 
uniform water conflict igniting factors. While acknowledging that there can be various 
political, social and economic factors facilitating the development of a water conflict to 
violent states, the effects of only climate change is explored to the risk of a water conflict 
increasing in intensity. These are discussed in chapter 5. Water conflict models were 
derived for the year 2000, and were validated for the year 1990. 
3.3.3 The vulnerability of countries to water conflicts because of climate change 
The derived water conflict models were then utilized to estimate the risk of water 
conflicts because of climate change. The sensitivity of climate models to climate change 
factors were also discussed under the chapter 6. The vulnerability of countries to water 
conflict incidence because of climate change was assessed. The impact of population 
change and the importance of population control in the sensitive areas were also 
discussed under the chapter 7. 
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CHAPTER 4  
REGIONAL TENDENCIES OF WATER CONFLICTS 
 
Unreliable water availabilities and increased occurrences of extreme events due to the 
changing climate pose a great threat of conflict ignition to countries sharing rivers and 
groundwater systems throughout the world. Population change itself incurs a far greater threat 
for these countries (Vorosmarty et al., 2000). Development will lead to more diversified and 
increased water needs among the water use sectors worsening the water scarcities, as in Asia. 
An increased need for food production will incur the highest demand on the water resources 
(Rijsberman, 2006, Falkenmark and Rockstrom, 2006), consuming as much as 6800 km3/year 
(Falkenmark and Rockstrom, 2006), even now around the world. All these factors increase the 
competition for the shared water resources. It is more likely that the gradual decrease of water 
quantity and quality will affect the internal instability of these countries rather than develop 
into a violent conflict (Wolf, 2007). Nevertheless, on the verge of climate change, especially 
regions with booming populations will face worsened water scarcities, increasing the 
possibility of water conflicts. Population growth and climate change (Vorosmarty et al., 2000) 
together with increased quality of life wich demands increased access to freshwater incur an 
added risk of international water conflicts (Gleick, 1993). Conflicts disrupt the development 
of nations and hinder the efforts to enhance the quality of life (Wolf, 2007). Therefore, 
identification of water conflict vulnerabilities is a prompt neccessity. 
A lot of research supports the water resource root of conflicts. Stahl (2005) explores 
the influence of hydro-climatology and socioeconomic conditions on international relations 
on shared waters. She finds that the hydro-climatic variability, together with population 
density, is most influential on international relations in arid to sub-humid basins. The 
consideration of precipitation, rather than the waters directly accessible by people, has moved 
it far from the actual. A clear relationship has been found between conflicting areas and the 
spatial distribution of river channel network in Africa (Ashton, 2002). Hauge and Ellingsen 
(1998) provide by far the most statistically significant relationship between conflicts and 
natural resources, although it does not aim at international conflicts or water conflicts in 
particular. Our research utilizes a classification of countries by a decision tree approach in 
combination with a multivariate analysis. A contrasting identification of upstream and 
downstream countries’ conflict vulnerabilities is provided by the methodology. It classifies 
the countries based on their dependency on groundwater, external water resource dependence, 
water availability per capita, GNI per capita, and the population growth rates in view of 
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developing a methodology to identifying countries vulnerable to international water conflicts. 
These countries are then compared with the recorded conflict occurrences to validate the 
parameter choices. 
 
4.1 Identifying Regional Tendencies of Water Conflicts 
 Gleick (1993) developed four indices of water resource vulnerability of countries; 
annual withdrawals to supply, per capita water availability, dependence of external surface 
water and hydroelectric production. The explanatory they are, they fail to address the adaptive 
capacity of countries to face water scarcity. We overcome this issue by considering Gross 
National Income (GNI) per capita of countries as reflecting the capacity of countries to solve 
water related issues. The near future demand for water was accounted for by taking countries’ 
population growth rates. Glieck’s (1993) Annual water availability per capita per year and the 
dependency of external water resources were adapted to this research as well. Groundwater 
dependency of a country is being introduced as an indicator as well, as groundwater resources 
cannot be considered as a sustainable resource in the face of booming populations. Therefore, 
groundwater dependant countries tend to seek increased access to shared waters with another 
country.  
FAO Aquastat (2010, base period circa 2005) database provided the water related data 
of 136 continental countries (Nations sharing at least one border with another country) for the 
classification. For large aquifers like the Nubian aquifer shared by Tunisia, Algeria and Libya, 
the external groundwater flow has been utilized in calculating water resources originating 
outside the country. For other countries, only the shallow groundwater resources have been 
considered. Actual external water resources have been utilized in calculating external water 
resources, after accounting for the flow reserved by an upstream country with any existing 
water agreements. All values provide annual estimates. Population growth rates were obtained 
from the US Census Bureau and the GNI per capita were from the World Bank. All utilized 
data sets belong to the period 1998–2005. The conceptualization of conflict vulnerabilities are 
shown in Fig. 4.1. 
First, multivariate analysis was conducted for the Water resources per capita, GNI per 
capita and population growth rates of countries. All possible plots between the three variables 
were explored and five apparent groups could be identified in the water resources per capita to 
GNI per capita plot. Classification rules were developed from this plot (Fig. 4.2). These 
classification rules correspond to the sudden jumps in the water resources per capita and GNI 
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per capita series (Fig 4.3 (a) and (b)). Population growth rates did not exhibit a clear pattern 
with any of the other two variables. The above identified groups were utilized for the 
clustering, to estimate the strength of the classification rules. Cluster analysis aids the division 
of data into more homogeneous spatial subsets (Legendre, 1993) in this research, enabling the 
use of spatial autocorrelation rather than excluding it. As a result of the difference in ranges 
and the high variances of data, statistical distances between the points were used for the 
clustering. 
Statistical distance d(P, Q) between two points P and Q with coordinates P(x1i, x2i, x3i) 
of group i and Q(y1j, y2j, y3j) of group j belonging to multivariate parameters 1, 2 and 3 (here x 
and y are parameter values at P and Q, respectively) (Johnson & Wichern, 2007); 





































=      (4.1) 
Here, skl is the sample variances of parameter k (k = 1, 2, 3) and of group l (l = i,j). 
Fig. 4.1 The conceptualization of the adaptability of countries to the risk of water conflicts 
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The clustering produced a good agreement with the classification rules developed 
(Table 2).The two methods agreed with each other by more than 80% for all groups (Table 
4.1); with class 1 agreeing over 90%. The classes 4 and 5 could not be distinguished 
separately by the clustering using statistical distances. However, 80% of the elements of both 
classes could be identified as classified into one distance class. Then the classification of 
countries into conflict vulnerability groups was carried out using the decision tree first and 
second levels of groundwater dependency and external resources dependency, in combination 
with the multivariate groups as the third level of the decision tree (Fig. 4.1). Gleick (1993) 
Fig. 4.2 The classification rules which were developed observing the possible plots between the 
three parameters GNI per capita, Total Annual Renewable Water Resources (TARWR) per 
capita and population (Pop) growth rates. The members were compared with the multivariate 


































































































































X TARWR per capita/ (m3/year) 
Y GNI per capita/(International Dollars PPP) 
Z Pop growth rates/ (%) 
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classifies the countries with over 30% dependence on externally originating water resources 
as high dependence, which could lead to water conflicts. Therefore, this research also more 
than 30% dependence on external water resources was assumed to increase risk of water 
conflicts, while less than 30% dependence was assumed not to pose risks of water conflicts or 
to reduce the risk. However, for the parameter ground water dependency, such a threshold 
does not exist, as it was introduced by this research as a contributing factor to water conflicts. 
Therefore, an arbitrary threshold of 50% was selected. 
 The water conflict vulnerability groups of countries indicated by our classification are 
shown in Fig. 4.4. Out of 136 countries taken for the classification, 108 belong to five major 
water conflict vulnerability groups. The most vulnerable among all the vulnerability groups is 
the groundwater dependency less than 50% and dependency on external water resources 
greater than 30%, and belonging to multivariate class 1, of which water availability per head 
and GNI per capita are both the lowest (CG1 - LT50GT301). They are poor in water and the 
adaptive capacity to cope with the water scarcities. Hence they are the most vulnerable for 
water conflicts. The South Asian water conflicting basins; the Indus and the Ganges and the 
Nile basin conflict vulnerabilities could all be explained. Out of 10 Nile basin countries, four 
most downstream countries belong to this group. These are the most vulnerable countries to 
climate change, as even a subtle decrease in water availability could cost comparatively 
higher economic losses due to the high agricultural dependency of these countries. 
 The next vulnerability group CG2 - LT50GT303 only differs from CG1 - 
LT50GT301 by their water availability. They have higher water availability, but the same 
range of adaptive capacity (GNI per capita PPP less than 13 195 International Dollars). These 
two groups are the most vulnerable to demand management conflicts (Ohlsson, 2000), related 
to water quantity and the inequity of its distribution. 
 
Table 4.1 The classification rules compared to multivariate analysis classification 
Country classes by 
classification rules 
Parameters Agreement with 
the clustering 
(%) 
Water resources per 
capita per year (10-
12hm3/year) 
GNI per capita 
(PPP, International 
Dollars) 
1 < 17 610 < 13 195 91 
2 < 17 610 > 13 195, <23 085 86 
3 > 17 610 < 13 195 81 






Fig. 4.3 The ascending-ordered series of TARWR per capita and GNI per capita for the year 




Table 4.2 Major properties of the water-conflict adaptability country groups.  
 
Please refer to Table 2 for descriptions of the multivariate classes represented by the last digit.
Conflict adaptability group Descriptive group code Number of countries in 
group, N 
CG1 Groundwater dependency<50,  External water dependency >30, multivariate class 1 37 
CG2 Groundwater dependency<50,  External water dependency >30, multivariate class  3 11 
CG3 Groundwater dependency<50,  External water dependency <30, multivariate  class 1 31 
CG4 Groundwater dependency<50,  External water dependency <30, multivariate  class 3 19 
CG5 Groundwater dependency>50,  External water dependency <30, multivariate  class 1 10 
CG6 Groundwater dependency>50,  External water dependency <30, multivariate  class 2 2 
CG7 Groundwater dependency>50,  External water dependency <30, multivariate  class 3 2 
CG8 Groundwater dependency>50,  External water dependency <30, multivariate  class 4 2 
CG9 Groundwater dependency<50,  External water dependency >30, multivariate  class 2 3 
CG10 Groundwater dependency<50,  External water dependency >30, multivariate  class 4 5 
CG11 Groundwater dependency<50,  External water dependency <30, multivariate  class 2 4 
CG12 Groundwater dependency<50,  External water dependency <30, multivariate  class 4 5 

































































































































The next vulnerabilities exist for the groups CG3 - LT50LT301 and CG4 - 
LT50LT303, both groundwater dependence and external water resources dependence do not 
pose a direct threat to the countries, as both are low. Nevertheless, they have low GNI per 
capita values, indicating low adaptive capacity against water related issues. Even though they 
show higher annual water availabilities per capita the spatial and temporal water distributions 
and water quality may be serious issues in these countries. As water availability is the highest 
in these countries, the neighbouring countries with low water availability (countries in CG1 - 
LT50GT301 and CG2 - LT50GT303) depend on the water resources from these countries. 
They might be expected to cooperate with the neighbouring countries’ water development 
programmes. These countries are therefore having an imposed vulnerability for conflicts by 
the surrounding countries. Nevertheless countries such as China, which are extent wise large, 
could also possess additional vulnerabilities as it shares borders with many countries. China 
might experience more water stress due to its population concentration in only some regions 
to the east (Fig. 4.5), and the agricultural dominance of the western and southern arid regions. 
The least vulnerable of the five major country groups considered is the CG5 - 
GT50LT301, of which member countries predominantly depend on groundwater resources, 
with a low dependence on external water resources. Nevertheless, these countries are 
economically less-capable. Therefore, when they aim for their development goals, they are 
likely to seek increased access to the external water resources from their neighbours. Of the 
nine states in this conflict vulnerability group, five are in the African continent, surrounded by 
the most vulnerable (CG1 - LT50GT301, Fig. 4.4) countries to water conflicts. Therefore, 
these neighbour countries are unlikely to cooperate with them to solve their increased water 
needs. Therefore, any water resources decrease due to climate change and the population 
stress will most likely increase the instability of these countries, making them more 
vulnerable to internal conflicts such as ethnic conflicts. Several Middle East and North 
African (MENA) countries including Jordan and Lebanon belong to CG5 - GT50LT301, 
which are more than 50% ground water-dependent in addition to having the lowest economic 
capacity (multivariate class 1, Table 4.1). Of the ten states in this conflict adaptability group, 
five are in the African continent (Ethiopia, Algeria, Libya, Burkina Faso and Rwanda). They 
are surrounded by most vulnerable CG1 - LT50GT301 countries, which therefore, are 
unlikely to cooperate with each other to solve their increased water needs. Not only does the 
unsustainable nature of the water use, but also the low adaptive capacity resulted by the low 
economic capacity of these countries make them vulnerable to the risk of water conflict 
incidence. A comprehensive account on these five conflict adaptability groups is found in 
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Fig. 4.5 Population distribution of the year 2000 of horizontal resolution 0.5° (Data courtesy 
CIESIN). 
Gunasekara et al. (2011).Groups CG6 - GT50LT302 (Oman and Saudi Arabia) and CG8 - 
GT50LT304 (Denmark and United Arab Emirates) are highly dependent on groundwater as 
well (Table 4.2), although their economic capabilities are higher than those of the CG5 - 
GT50LT301 countries. Therefore, relations between CG5 and CG6 or CG8 member countries 
can lead to win-win solutions more often than negotiations between two CG5 countries. The 
negotiations between CG5 and neighboring CG1 countries are expected to be the most 
volatile. 
CG7 - GT50LT303 countries (Bhutan and Suriname), as indicated by their descriptive 
codes (Table 4.2), are highly dependent on groundwater resources as well. Nevertheless, their 
per capita water availabilities are greater than 17 610 m3/year, which is a result of the low 
populations of these countries. The available water resources may still be underutilized due to 
low development as well. They are capable to cater for future water needs, assumed a 
development scenario similar to the present. These countries are therefore the least vulnerable 
to water conflicts in the developing world. 
Adaptability groups CG9 - LT50GT302, CG10 - LT50GT304 and CG11 - 
LT50LT302 belong to higher economic capability classes (Table 4.1, multivariate classes 2 
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and 4, with GNI per capita higher than 13 195 International Dollars, PPP). The members are 
as follows: CG9: Portugal, Israel and Slovenia; CG10: Germany, Belgium, Netherlands, 
Kuwait and Luxembourg; CG11: Czech Republic, Greece, South Korea and Spain. Although 
the members of both CG9 and CG11 belong to the middle income class (multivariate class 2), 
these countries have the lowest per capita water availability (<17 610 m3/year, Table 4.1). 
However, CG9 countries are highly dependent on imported water resources (>30%, Table 
4.1). Therefore, CG9 countries have a lower adaptability to incidences of water conflicts with 
CG10 and CG11 countries, especially in Europe. Therefore, the river basins shared by 
Portugal and Spain (Guadiana, Tagus, Douro, Mino and Lima) have the lowest adaptability 
for water quantity issues in Europe although the most dominant issue in Europe is water 
quality. CG10 countries are less prone to water conflicts because their high economic 
capabilities make them good negotiators. These countries can afford advanced technological 
solutions and help their neighbors in water development to achieve win-win situations. This 
could be one reason for the prevalence of cooperative efforts in Europe. 
CG12 - LT50LT304 (Austria, France, Italy, Switzerland and USA) and CG13 - 
LT50LT305 (Brunei, Canada, Finland, Norway and Sweden) countries are the least dependent 
on groundwater and on imported water (Table 4.2). Their economic capability is high as well. 
Therefore, these countries facilitate cooperation in their neighborhoods through technological 
and economically beneficial water-sharing negotiations. Therefore, the dominance of 
cooperative dynamics in Europe can be clearly understood as a result of the large number of 
developed countries in the continent. Nevertheless, the risk of water conflict incidence of 
countries with a large geographic extent, such as the USA and Canada, could be higher, as 
these countries share a large number of international rivers with their neighbors. Therefore, 
the USA and Canada stand out from their respective adaptability groups. 
Having discussed these five major conflict vulnerability regions, all the African, Asian 
and South American water conflicts could be discussed. 
If we focus on the Nile basin again, Ethiopia, surrounded by the most conflict 
vulnerable countries in the basin, Sudan, Uganda and Kenya, is likely to reply to climate 
changes and population increases by ethnic conflict, which in turn cripples the social and 
economic systems of a country. This fact stands true for Burkina Faso (western Africa) 
sharing the Volta basin. Even though Rwanda (central Africa) could be vulnerable to conflicts 
due to the immediate downstream nation Uganda, other external water resource options exist 
upstream, e.g. Burundi. In southern Africa, the downstream countries sharing the Orange and 
Zambezi basins (Namibia, Botswana, Zimbabwe and Mozambique) are also vulnerable. Two 
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of them are at present in conflict. The whole African continent exhibits a very high 
vulnerability for water conflicts due to climate change and population change.  
The Mekong in Southeast Asia is shared by China and Myanmar as the most upstream 
countries (Fig. 4.4). The downstream Laos, Cambodia (LT50GT303) and Thailand, Vietnam 
(LT50GT301) possess very high vulnerabilities for conflicts due to both water quantity and 
water quality in particular. All these basin countries are of the lowest GNI per capita class (1 
and 3); therefore adaptive capacity to water scarcities is also minimal. Therefore this basin 
could be considered a hot spot for future water conflicts. Having two of the four downstream 
nations in conflict, the other two (Vietnam and Cambodia) also tend to renounce their 
cooperative efforts. 
The South American continent is gifted with water resources compared to the other 
continents, having per capita water availabilities above 17 610 m3/year. The upstream 
countries of Ecuador, Peru and Colombia are heavily populated (Fig. 4.5). Therefore, water 
quality issues could dominate rather than water quantity problems in these basins. 
Furthermore, their adaptive capacity to water scarcity is lower (GNI per capita lower than 
13 195 International Dollars, PPP). Therefore, with further increases in population and 
development, these countries possess a similar threat of water conflict occurrences, although 
compared with south and Southeast Asia, it is low. 
European countries especially possess a high adaptive capacity indicated by a GNI per 
capita higher than 13 195 International Dollars (Spain and Portugal) and most other countries 
are rich in water resources and the adaptive capacity. Nevertheless, the population and its 
density are equally high over the whole of Europe (Fig. 4.5). Furthermore, a further 
population increase could be considered slower than in Asian and African situations. 
Therefore, the existing development and industries are particularly vulnerable to climate 
change. Nevertheless, cooperative efforts govern Europe. The bordering countries of Europe 
and the countries sharing the Aral Sea basin, most of which were newly emerged after the 
collapse of the USSR, are highly vulnerable to conflicts as population pressure and low 
adaptive capacity are dominant in these basin countries. 
The Jordan basin countries, Israel, Syria, Turkey and Jordan possess very high 
vulnerability to conflicts, being one of the conflicts considered as having water resource roots. 
Nevertheless Israel’s groundwater dependency hasn’t been adequately incorporated in the 
FAO Aquastat (2010) database. Therefore, Israel’s conflict vulnerability has been under-
grouped. Also, the conflict vulnerabilities of USA and Canada could not be discussed, as they 
are very large countries with high variations in population distributions (Fig. 4.5), even 
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though they are capable of adaptation measures (GNI per capita higher than 13 195 
International Dollars, PPP). 
 
4.2 Confirming the tendencies with actual incidents of water conflicts 
The 136 countries classified into the conflict vulnerability classes using the simple 
classification rules were compared with the present conflicting or conflicted countries. We 
adapted the definition of water conflicts discussed in detail in Chapter 2, for countries who are 
sharing the same waters at the same time are involved in relations over water and are not 
cooperating to solve the problem. Non-cooperative international relations were taken as 
indicating water conflicts. The water event database of the Transboundary Fresh Water 
Dispute Database of Oregon State University was employed for the comparison. For a 
particular year of concern, all countries sharing an international river may not be involved in 
conflicting events or cooperative efforts. Therefore, the latest international relations were 
occupied from the period 1990–2000. Countries were again grouped into conflicting countries 
and countries with cooperation efforts. The shared groundwater aquifers could not be 
compared as those events are not adequately covered by this database.The comparison of 
these conflict adaptability groups with actual conflict accounts (Table 4.3) reveals a fair level 
of agreement considering the complexity of water conflicts. 
 
Table 4.3 Conflict vulnerability groups compared with actual water conflict occurrences. 
Vulnerability group Total number of countries Percent of conflicting countries (%) 
CG1  37 54 
CG2  11 55
CG3  31 48
CG4  19 21
CG5  10 30
 
4.3 Trends in water conflicts seen at the local scale in Sri Lanka 
 We live in a world where population growth, economic development and 
technological enhancements outpace the environmental thresholds1). Climate change will 
further worsen the water availabilities. A comparison of average rainfall in the period 1961-
1990 with that of 1911-1940, has revealed that the Sri Lankan dry zone is already expanded 
due to climate change2). The country suffers from pronounced occurrences of spatial as well 
as temporal water scarcities, even though are masked by the country level statistics. The total 
utilizable water resources per unit area across the districts varies from 1430mm to 30mm in 
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Maha (Primary cultivation season) and from 1700mm to 20mm in Yala (Secondary season)3). 
The inequality between the “have” and “have not” is widened, leaving irrigation system 
managers with more social issues along with demand management at hand rather than the 
traditional technological issues. One such problematic irrigation system is the Kirindi Oya 
Irrigation and Settlement Project in the Southern Sri Lanka. 
 The need for institutional reforms in Sri Lanka4) and in the Kirindi Oya irrigation 
system5) has been already highlighted by many researchers. Some research have addressed the 
social aspects of the Kirindi Oya irrigation system4)-6), while others have focused on the 
technical and operational aspects7)-9). Renault et. al.9) and Sakthivadivel, et. al.10) have taken 
comprehensive approaches, even though they have lead to more technical conclusions. Even 
though inequity in the irrigation system is a common observation5),9),10), none of them have 
been able to address the roots of problems adequately, where irrigation system managers 
should focus their attention on, in order to achieve a sustainable management. This research 
takes an integrated approach, which breaks through this difficulty by considering inequity in 
irrigation water issues simplified as inequality, as the focal point. The implications of 
inequalities in irrigation water issues in the Kirindi Oya irrigation system for its management 
are explored as well.  
As irrigated rice cultivation is a basic requirement in the agricultural sectors of all the 
Asia, this research is expected to benefit the whole region. 
4.3.1 Study area 
Physical background 
Kirindi Oya is nourished by the runoff from the South Eastern region of the hill country 
of Sri Lanka , which is having aggravated water availability from less to lesser due to climate 
change2) and due to the upstream urbanization10). The average rainfall is around 1000mm, of 
which 75% falling in Maha (October to March) and the rest falling in the Yala (April to 
September) season5). Annual average evaporation is around 2100mm11). In 1986, the 
Lunugamwehera reservoir was constructed, damming Kirindi Oya, under which new 
agricultural land were developed under the Left Bank (LB – 1900ha) and the Right Bank (RB 
– 3500ha) sub-irrigation systems (Fig. 4.6). About 5200 families were settled in this new area 
in the 1980s10). The existing irrigation system (Ellagala Irrigation System - EIS - 4200ha) with 
5 off-stream tanks was integrated with the new system by an anicut downstream the 
Lunugamwehera reservoir at Ellagala. The water supplied to the RB and LB canals are used 
to flood irrigate RB and LB fields, and the resulting runoff fills the five off-stream tanks 
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Fig. 4.6 The Kirindi Oya Irrigation and Settlement Project – KOISP (False color composite of 
LandSat ETM bands 7, 5 & 3) 
 
downhill of RB (1-2, Fig. 4.6) and LB (3-5, Fig. 4.6). This drainage water and the seepage 
losses from the earthen canals (67.6% of the irrigation supply) are then reused by the EIS. 
Only 30% of the total irrigation issue10) to the EIS is being directly supplied from the 
Lunugamwehera reservoir. Lunugamwehera reservoir is intended to supply the irrigation 
water to LB, RB and EIS and the domestic and industrial demands of the new settlers in the 
LB and RB. The EIS residents depended on ground water for their domestic water needs. Rice 
is the main crop cultivated in the irrigation system. The probability of failure of the 
Lunugamwehera reservoir is 67% (2002 Yala to 2009 Yala). Fig. 4.7 clearly explains the 
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unreliability of the reservoir inflows (Measured at Thanamalwila flow gauge -Fig. 4.6). They 
have an apparent decreasing trend, hinting us with the future management challenges of the 
irrigation system. The irrigation system has undergone four droughts against a truncation level 
of 135.7MCM of seasonal demand (Estimated as the average irrigation supply of successful 
seasons from 2002 Yala to 2009 Yala), including a severe drought of 69.6MCM per season, 
which lasted for 11 seasons from 1999 Yala until 2004 Yala. It should be noticed that almost 
every Yala season itself is a short term drought as well, under the present water availability 
and demand conditions of Kirindi Oya irrigation system. 
Fig. 4.7 The seasonal inflows to Lunugamwehera reservoir compared to a truncation level of 
135.7MCM of seasonal irrigation demand (Y demarcates Yala seasons, while unmarked 
seasons are Maha seasons). 
 
Institutional setting    
Water right for irrigation land is the most widely recognized form of water right by Sri 
Lankan statutory law and it was recognized by the customary law since king’s reigns. 
Individual’s rights to water are tied to land rights. The EIS farmers own their agricultural 
land, in contrast with the LB and RB farmers. They have only use and management rights on 
their land. The alienation rights are such that, they can inherit their land, but cannot sell it12). 
In 1988, the government adopted the Participatory Irrigation Management (PIM) policy for all 
major irrigation projects. Farmers were required to organize themselves into Water User’s 
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Organizations (WUO) and take the full responsibility of the operation and maintenance of the 
secondary and tertiary field canals, to be exempted from the irrigation fee (1984-1988)4). The 
communication between the stake holders became more organized and effective under the 
direction of the Project Management Committee (PMC) lead by the Resident Project Manager 
(RPM). The PMC acts as the platform for communication for the farmers, the irrigation 
authority and for the department of agriculture as well. The field level farmer organizations 
act as primary conflict resolution institutions, while if unsolved would be referred to the 
PMC. A priority order to ease the water allocation decisions was prepared with the lead of the 
PMC, for this already water-short irrigation scheme. The priority order was an effective water 
use plan essential to the success of the Maha season, which zoned the LB and RB into 3 
command zones. The issue of water was rotated among these three zones and the EIS (Old 
system). One shortcoming of this priority order was giving the EIS the first priority to receive 
water for each season, considering the riparian right of the EIS resident farmers, over the new 
settlers in LB and RB sub systems10). This decision was backed mainly by the discrepancy in 
the irrigation water rights between new (LB and RB) and the EIS farmers. During some years, 
some tracts in the new area did not receive irrigation water even during Maha10). The distrust 
between the new settlers and the EIS farmers lead to violation of PMC water allocation 
decisions as well. The new settlers have been in Kirindi Oya system for more than 20 years 
until present. Even though, the same priority order still caters for the Kirindi Oya farmer 
communities. The most suffering were the RB farmers. The managers find it difficult to keep 
these farmers in paddy cultivation, due to low returns from their farmlands. This acceptability 
of the irrigation water rights discrepancies between the EIS (old system) and the new system 
(LB and RB) farmers is discussed here through the priority order for irrigation issues in the 
means of inequality of irrigation issues per land unit (1ha) in this research as well. 
 
4.3.2 Measuring inequality between irrigation supplies 
Seasonal irrigation issues to the sub irrigation systems LB, RB and EIS of the Kirindi 
Oya Irrigation and Settlement Project (KOISP) from 2002 Yala to 2009 Yala season were 
analyzed for their inequalities. Irrigation water inequity over paddy farmers was simplified to 
irrigation supply inequality among the unit areas of paddy. The irrigation supply data were 
taken from the Department of Irrigation, Sri Lanka, as hourly canal issues for LB, RB and EIS 
at Ellagala (Fig. 4.6) in m3s-1. The total sub system areas already developed for paddy 
34 
 
cultivation were taken for this analysis5),8),10). Farmer complaints to the PMC of inadequate 
irrigation supplies to their farmland were considered as indicators of farmer dissatisfaction. 
Three measures of inequality were occupied to measure the existing inequalities 
between the seasonal water allocations to the three sub irrigation systems of the Kirindi Oya 
system, in order to assess the inadequacy of the present water rights and the priority order for 
irrigation issues adopted. The inequalities were calculated in between the sub irrigation 
systems LB, RB and EIS only. The internal inequality inside each sub system was assumed to 
be zero, or no inequality for the present analysis, aiming to focus on the between-sub-system 
priority order, and due to the data unavailability in the stake holder level at the moment. 
Nevertheless, researches provide evidence for existence of head -to- tail inequalities in the 
water distributions within the sub irrigation systems9),10), due to poor canal maintenance. The 
Coefficient of Variation (c), the Gini Coefficient (G) and the Theil’s Index (T) were utilized 
as the inequality measures (Table 4.4). 
 
Table 4.4 Inequality measures employed. 
Name Definition 
Coefficient of Variation  
Gini Coefficient          
Theil’s Index  
Source: Cowell, F. A., 200813) 
Here, i and j are two unit areas (1 ha) of land cultivated in a season. iy  and jy  are the 
seasonal irrigation water supplies (MCM) to land units i and j . As we assumed intra-sub-
system inequality to be zero, iy  and jy  were calculated as the average seasonal irrigation 
supply per unit area (1ha) of land. n is the total area of cultivated land in that particular season 
in the Kirindi Oya irrigation system. V is the variance of the seasonal irrigation issues and 
y being the mean of irrigation water supplies of that season. 
4.3.3 Trend of water conflicts in the KOISP 
 The discrepancy of the water rights between the RB, LB and the EIS sub-irrigation 





































systems of the Kirindi Oya Irrigation Settlement Project were evaluated for their acceptability 
under the present water availabilities of Kirindi Oya. 
 
Suitability of the employed inequality measures 
 The inequalities of irrigation supplies to LB, RB and EIS sub systems from 2002 Yala 
to 2009Yala season were quantified using three inequality indices, the Coeffient of Variation 
(c), Gini Coefficient (G) and the Theil’s Index (T). The performances of the three inequality 
measures occupied in this research are shown in the Fig. 4.8 below. The measured inequalities 
are compared with the seasonal irrigation supply as well. 
 
Fig. 4.8 The time series of seasonal irrigation inequality measured      by c, G and T, 
compared with the seasonal total irrigation supply from 2002 Yala – 2009 Yala seasons.  
Considered the whole period 2002 Yala to 2009 Yala (The middle points between two 
consecutive years represent Maha seasons, while tick marked points represent Yala seasons), 
all three indices agree with the inequality conditions they were meant to exhibit. In seasons 
with low irrigation supplies, the inequalities are higher, and vice versa. Even though the 
inequality time series of c, G and T varies with overall variances 0.12, 0.03 and 0.05 
respectively, there are two apparent variations in the three inequality time series before and 
after 2005 Maha. For the drought period before 2005 Maha, c, G and T series have higher 
variations of 0.22, 0.05 and 0.09, while for the period after 2005 Yala they exhibit lower 
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variations of 0.009, 0.003 and 0.001 respectively. For the ratios of these two variations; 
drought to normal period variations, T displays the highest ratio (67.6), indicating a highest 
sensitivity to low water availabilities, while the ratios for c and G are 25.0 and 14.2. 
Therefore, in indicating inequalities in droughts, the strongest index is the Theil’s index. 
Nonetheless, the inequalities should be identified before they get worse, as our aim is to plan 
in advance before they occur. Therefore, Gini Coefficient, which has an overall high 
sensitivity in low and high water availability conditions, is chosen for this study. It has added 
advantages in the clarity of its graphical representation - the Lorenz curves to ease 
management decision making, in addition to its attractive 0-1 scale. 
In such drought periods as 2002-2005, the priority rule to provide for the needs of the EIS 
governs the water allocations in Kirindi Oya system5),10). Fig. 4.8 clearly explains the inability 
of the water allocation priority order to tackle the equity problem during droughts. There is a 
clear-cut increment of inequality in the 2002- 2005 drought, compared to normal 2005-2009. 
Another important reason behind the decision to give priority in irrigation water issues to the 
EIS is that the yields of EIS lands are the highest10). Therefore, in view of the irrigation 
scheme productivity, this is not a poor decision at all. Nonetheless, this priority order is not 
flexible enough to cater for the needs of the people for which the KOISP was meant to 
support (LB and RB new irrigation sub schemes). 
  
The implications of Lorenz curves to management decisions 
The figures 4 and 5 give a closer picture of the inequalities in the period 2002-2005. Out 
of six seasons of this drought (Fig. 4.8), in four seasons the priority of the irrigation water 
allocations was given to the EIS sub-system. In all four seasons, the lowest priority was given 
to the RB sub system. Figures 4 and 5 provide the Lorenz curves for these four seasons. In 
Fig. 4.9, it is evident that 2005 Yala season (Gini Coefficient 0.26) is having the lowest 
inequality among the irrigation issues to sub-systems LB, RB and EIS, as it is the nearest to 
the 1:1 line (The perfect equality line). From the other three Lorenz curves (For 2002/2003 
Maha, 2003/2004 Maha and 2004 Yala), it is not possible to say which inequality condition 
dominates the other two, as they intersect each other, even though the Gini Coefficient is 
slightly lower in 2004 Yala (0.52) than in 2003/2004 Maha (0.54) and 2002/2003 Maha 




Fig.4.9 The Lorenz curves for the cultivation seasons in drought ,for those the priority order 
to supply for EIS governed water allocations in the 2002-2005 period. 
 
Fig. 4.10 The Generalized Lorenz curves for the cultivation seasons   in drought, for those the 
priority order to supply for EIS  governed water allocations in the 2002-2005 period. 
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area with a high number of stake holder farmers compared to LB, have received only a 3% 
(2002/2003 Maha), 12% (2003/2004 Maha) and 17% (2004 Yala) of the irrigation issues, 
while the EIS (Land area 19%) has received 51% (2002/2003 Maha), 36% (2003/2004 Maha) 
and 32% (2004Yala) of the irrigation issues.  
Therefore, what we can conclude from this figure is that the inequality in irrigation issues 
per land unit is very high between the RB and EIS sub systems, even though further 
clarification is required to distinguish between the inequality conditions. Nevertheless, the 
generalized Lorenz curves for the same four seasons in Fig. 4.10 provide a better 
understanding about the same inequality conditions of the four seasons considered, even 
though their Gini Coefficients stay the same. 
Of the three seasons 2002/2003 Maha, 2003/2004 Maha and 2004 Yala, the 2002/2003 
Maha irrigation water distribution is inferior to the other two inequality states, due to the very 
low water availability to RB. Furthermore, the irrigation issues to RB (The lowest irrigation 
water receiver) hasn’t increased or changed considerably. The LB and the EIS has received 
increased quantities of irrigation issues. Therefore, the 2002/2003 Maha inequality between 
EIS and LB has got reduced, and their social status enhanced. Nevertheless, the same has 
created a wider gap between the RB and other two sub systems, making social issues in RB 
and with the management inevitable. This season has the highest inequality (0.55) of all the 
four seasons. Between the other two inequality states, 2004 Yala (Gini 0.52) dominates 
2003/2004 Maha (Gini 0.54) irrigation supply distribution, although they could also be 
considered more or less the same. Moreover, there are three apparent states of inequalities 
among the four seasons’ irrigation water distributions. Those are the year 2004 irrigation 
supply distribution with mean supply around 200- 400mm and the other two irrigation supply 
distributions; 2002/2003 Maha with mean supply of 1000-1200mm and 2005 Yala with 1400-
1500mm of mean irrigation supply. In 2004 (The worst water availability year in 2002-2009 
from Fig. 4.7), there have not been paddy cultivation at all in the KOISP. Instead of paddy, 
other less water thirsty crops such as banana10) have been cultivated. This is implied by the 
very low mean irrigation supply. In 2002/2003 Maha, the KOISP have shifted the cultivation 
pattern to other crops in RB (The lowest irrigation water receiver) and paddy in LB (The 
second highest irrigation water receiver) and the EIS (The highest irrigation water receiver). 
In 2005 Yala, all sub-irrigation schemes have cultivated paddy, indicated by very high mean 





The supporting evidence for inequalities in irrigation issues to indicate farmer 
dissatisfaction  
The inequalities in the irrigation water issues show a general agreeing pattern with the number 
of complaints received by the PMC from the RB sub system (Fig. 4.11). Nevertheless, the 
variations of complaints are flat compared to the variations in the inequality. Regardless of the 
variations of inequalities within 2 apparent drought (2002 Yala -2004 Yala in Fig. 4.8) and 
normal period (2004 Yala onwards), the number of complaints remain flat, even though for 
the drought period, a higher number of complaints have been received by the PMC. The 
period prior to 2002 Yala (From 1998 Maha) has been a severe drought as well (Fig.4.7). The 
number of complaints is highest in 2002 Yala, although the inequality is lower. This might be 
the influence of the previous drought period (1998 Yala to 2002 Yala). It is clear that the 
number of complaints confirm the rough drought and normal period variations of inequalities 
measured by Gini Coefficient. Nevertheless, the time scale considered here is only seven 
years. Focus on a longer time scale is required to confirm this, with a comprehensive 
assessment of the complaints from other two (LB and EIS) sub systems as well. 
 
 
Fig. 4.11 The inequalities in irrigation supplies between LB, RB and EIS (Measured by Gini 





Countries’ vulnerability to water conflicts was identified by a combined decision tree 
and multivariate analysis approach of classifying countries. Groundwater dependency, 
external resources dependency, annual water availability per capita, GNI per capita (PPP) and 
the population growth rates were employed for the classification. GNI per capita was assumed 
to indicate a country’s adaptive capacity to water scarcity due to climate change and 
population increase. Consideration of shallow groundwater resources, and accounting the 
external groundwater flow in the Nubian aquifer was made possible by the FAO Aquastat 
database. Within the 136 countries classified, only 116 countries of the classification could be 
confirmed, with a comparison to present conflict occurrences. The two highest conflict 
vulnerability groups, with countries of low groundwater dependency (<50%) and high 
external water dependency (>30%) together with the lowest adaptive capacity (GNI per capita 
< 13 195 International Dollars, PPP) were classified with above 54% accuracy. The five 
vulnerability groups have a total ability to address water conflicts in south and Southeast Asia, 
Africa and South America.  
The most vulnerable to future water conflicts are the Mekong basin countries, with a 
possibility of both water quantity and water quality issues. In the African continent, five out 
of the 10 Nile basin countries are critically vulnerable to water conflicts. Even though the 
classification enabled the identification of the highly- ground water – dependent countries 
(CG 5), their practical application, or the further study on them was limited by the low-
agreement between the classification members and the actual conflict occurrences (<30%). 
The countries grouped into the most vulnerable two groups do not possess many water 
resources options from their neighbouring countries, even though virtual water import as a 
solution for booming food needs has a capacity to reduce the conflict vulnerabilities of these 
countries. Nevertheless, these developing countries having the highest demands for food are 
only being traded with 5–10% of the world food production (Falkenmark & Rockstrom, 
2006). Therefore, international food trade opportunities should be more open for these 
countries. 
The Kirindi Oya Irrigation Settlement Project in Southern Sri Lanka was assessed for 
the implications of inequalities for its management to investigate the trends in water conflicts 
in the local scale. The inequalities in droughts (2002 Yala to 2004 Yala) were considerably 
higher between the RB, LB and the EIS sub irrigation systems, due to the priority order 
utilized in water allocations, to provide for the EIS sub system above the other two. The 
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managers find it difficult to give priority to the RB and LB because of the long prevailing 
irrigation water rights discrepancy between the farmers of EIS and the new settlements (LB 
and RB).  The available water is already managed well otherwise, while irrigation efficiency 
enhancement is still an open option for the Kirindi Oya irrigation system9). The High canal 
losses and drainage flow could not be considered as losses, as they are reused downstream as 
direct irrigation water or as ground water by the EIS sub system, or as environmental use by 
the wildlife of the Bundala National Park5) which surrounds the lagoons near the Kirindi Oya 
river mouth. Head to tail inequalities in irrigation supplies do exist inside subsystems, 
although negligible compared to between sub systems inequalities9),10). Therefore, it is very 
clear that the water rights should be equalized between EIS, LB and RB. The PMC is the best 
platform for getting the stakeholders unite for decision making, while better understanding 
between farmers and irrigation authority is essential. A government backing is also necessary 
in the water rights equalization, as the authority of the PMC is limited within the available 
institutions and laws. 
The Coefficient of Variation, the Gini Coefficient and the Theil’s Index were the 
inequality measures for this analysis. They provided good comparisons across the inequality 
conditions of irrigation water allocations between the irrigation subsystems. Nevertheless, the 
Gini Coefficient proved more attractive due to its ability to capture inequality in lower as well 
as higher irrigation issues, allowing the manager early identification of inequality trends. By 
monitoring inequalities, it is possible to identify the increasing trends and the seasons could 
be planned suitably as to reduce inequalities as much as possible. This will facilitate 
sustainable management of irrigation systems under dry spells. The implications of 
inequalities in irrigation issues discussed under this research are expected to benefit the whole 
Asia, which depends on flooded irrigation for their staple rice production. 
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CHAPTER 5  
THE ASSOCIATION OF INEQUALITY IN WATER RESOURCES AND ITS 
QUANTITY WITH WATER CONFLICTS 
 
Sharing water resources is not something societies tend to do well, despite having 
suffered the same dilemma many times throughout history. Rapid population increases and 
climate change have made water conflict management an indispensible component of 
sustainable water resource management.   
Between 374 and 1661 million people are projected to experience increased water 
stress by 2020 (Arnell, 2004) in response to the combined effects of population growth and 
climate change. Vorosmarty (2000) compared the water use-to-availability ratio in 2025 to 
that of 1985 and concluded that the combined effect of population change and climate change 
will be detrimental in most regions by 2025.  The regions where reductions in water stress are 
expected are northeastern North America, South and Southeast Asia, northern China and 
Mongolia. In these regions, both the impact predicted by global climate models (GCMs, Milly 
et al., 2005) and the agreement among the GCMs with regard to the magnitude and the 
direction of the change (Arnell, 2004) are low.  Glacial termination research predicts weaker 
monsoons in South and Southeast Asia (Cheng et al., 2009; Zhisheng et al., 2011), supporting 
the projections of the global studies. However, the economic and social costs borne by people 
experiencing increased water stress could be much higher than the economic and social 
benefits accruing to people experiencing decreased water stress (Arnell, 2004). 
High water stress has been demonstrated to have statistically significant causality for 
low levels of civil war and armed conflicts (Hauge et al., 1998). In river management, high 
water stress significantly increases the risk of militarized conflict over the river claims and 
facilitates third party involvement in the issues (Hensel et al., 2006). The evidence that high 
water stress is a key causal factor in water conflicts is abundant in conflict studies with a 
global perspective (Gleick, 1993; Stahl, 2005). A global analysis provides effective controls 
for a robust analysis from which to draw generalized conclusions on the links to water 
conflicts. A case study can provide a thorough understanding of how a conflict has been 
initiated in one specific setting (Gleditsch, 1998). In fact, more recent literature recognizes a 
significant variation in the incidence of water conflicts across geographic regions (Song et al., 
2004; Stahl, 2005; Hensel, 2006). Therefore, identifying the vulnerabilities of countries to 
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water conflicts should take into account these regional variations in the incidence of water 
conflicts.  
Whereas the role of water stress in inducing water conflicts is widely addressed at the 
global level, the unequal distribution of water has not received much attention. Ashton (2002) 
identifies inequality in the distribution of water resources in Africa as a factor that increases 
the potential for water conflicts. He finds a remarkable correspondence between the 
distribution pattern of perennial rivers and lakes in Africa and the locations in which some 
form of conflict has occurred or has been threatened. These are the areas with the highest 
inequalities in water availability and where the relative changes in water availability are at 
their maxima. Other conflict researchers have suggested inequality in the social distribution of 
water resources as future avenues of research (Theisen, 2008). Climate change studies suggest 
that although the average water availability might increase until the mid-21th century, 
reductions in water availability will occur in already water-scarce regions (IPCC, 2007). 
Therefore, the spatial distribution of water can be expected to become more skewed not only 
in Africa but also in most water-scarce regions in the world. The predicted increased 
occurrence of extreme events would cause water to be poorly distributed over time as well 
(IPCC, 2007). Therefore, at a time when global institutional resilience is being questioned in 
terms of low flexibility to adapt to the changing climate (Wolf, 2007), addressing the link 
between inequality in water distribution and the onset of water conflicts is critical. None of 
the above-described global studies testing the links between water availability and water 
conflicts (Gleick, 1993; Song et al., 2004; Stahl, 2005; Hensel, et al., 2006), including armed 
conflicts (Hauge et al., 1998; Theisen, 2008) have examined the link between water resource 
inequality and conflicts in terms of relative deprivation of water resources. Our research 
explores the ability of inequality, measured as the inequality in per capita water distribution, 
as an indicator of the immediate future (within five years) probability of water conflicts for a 
country. The link is tested in country groups with different conflict adaptabilities, identified 
by a combined decision-tree and multivariate-analysis classification. The aim of this method 
is to assess the effect of the increased inequalities on the incidence of water conflicts in the 




5.1 The Associations Between Inequality in Water Resources and its Quantity with the 
Risk of Water Conflicts Under Different Tendencies of Water Conflict 
5.1.1 What is a “water conflict” and how can such conflicts be measured? 
Although many conflict researchers have explored the roles of economic, political and 
resource factors to armed conflicts or civil conflicts, our focus is different. We use the term 
“water conflict” to describe a conflict that necessarily has its roots in issues of water resources. 
However, the intensity or the level of conflict can range from the non-violent form, generally 
referred to as a “dispute”, to violent conflicts. The meaning of water resources to societies in 
different settings is not the same. Therefore, water conflicts arising in specific settings need to 
be understood not only as simply conflicts over a quantity of a resource but also over 
conflicting attitudes, meanings, and contexts (Wolf, 2007). Our research interest requires 
understanding the lower levels of conflict, which could not be achieved through the use of 
global databases on wars and armed conflicts. The International Water Event Database of the 
Transboundary Freshwater Dispute Database (TFDD; Wolf, 1999) more specifically 
addresses our research interests, providing the best global coverage of events between 
countries sharing international rivers (including over 6400 historical water relations from 
1948 to 2008). According to our research focus and the data utilized, Ohlsson’s (2000) 
definition of a “water conflict” was modified as follows. 
Let us imagine a situation in which country A, which shares the same watercourse (a 
river or a groundwater system, Wolf, 2007) with country B (one or more other countries), is 
negotiating with country B to address their incompatible needs for the shared water. If, within 
a year (starting from January 1st to December 31st), country A is unable to reach a solution to 
the water-sharing issue at hand with country B, then country A is considered to have a water 
conflict with country B in that specific year. Otherwise, it is assumed the two countries are 
not in conflict. 
The terms “reach a solution” and “water-sharing issue at hand” demand further 
explanation. Water conflict (or any conflict) resolution can be short term or long term, lasting 
for decades. In the short-term case, a conflict can be seen as solved when its most direct 
causes have been addressed. In this case, the conflict may have simply become latent if the 
provided solutions failed to address the fundamental causes of the conflict. The conflict will 
be resurfacing when the root conditions are favorable (Wolf, 2007). In some cases, the 
solutions to the direct causes may give rise to secondary conflicts (Vieira et al., 2010). 
Because the timeline under consideration is only one year, the “water-sharing issue at hand” 
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could have been caused by both the most direct causes to the current water conflict and the 
fundamental causes to the water conflict. If either the direct causes to the conflict or the 
fundamental causes were resolved within the particular year, the countries involved in the 
conflict are considered to have “reached a solution”. The international relations between 
countries A and B were explored in the year of concern to determine whether the conflict was 
dormant or not. A binary dummy variable C, which depends on the nature of the international 
relations between countries A and B, was utilized to indicate water conflicts. Therefore, in the 
water conflict of country A with country B, C is defined as follows: 
 
 
At the start of the year, the countries could be in conflict, and the conflict could then 
become dormant by the end of the year. This indicates the water-sharing issue at hand was 
solved. In this case, the outcome of the water conflict for the year is "no conflict" (C=0). If 
the situation is the opposite, in which the conflict is dormant at the start and resurfaced by the 
end of the year, then the outcome is considered to be a conflict incidence (C=1). During the 
year considered, if there are no international relations between countries A and B involving 
sharing the water resources (although there may have been events in other years), then the 
outcome of the water conflict variable is still no conflict (C=0). 
However, a certain limitation was required for the types of water conflict events 
considered because the factors influencing water conflicts that are being tested (inequality in 
per capita water distribution and water resources per capita) are derivative indicators of 
resource availability. Navigational issues and political boundary issues, although connected to 
rivers, may or may not necessarily be based on water resources. If the causes of these types of 
conflicts are a decrease in the water level of the river, in the case of navigational issues, or an 
altering of the river flow route or the channel in response to deviations in the river flow, in the 
case of boundary issues, they should be considered water conflicts based on our criteria. 
However, the TFDD (Wolf, 1999) does not provide such descriptive accounts for navigational 
and boundary issues, which are required to explicitly identify these causes. Therefore, these 
issues were ignored in the present study. 
Using this basic definition of a water conflict, two other dummy variables acting as 









that the current inequality condition of water or the current water availability might have a 
significant relationship with the occurrence of a water conflict in the near future (within the 
next five years) and, thus, can be utilized to assess the near future probability of water 
conflicts. The near-future water conflict indicator m-year conflict (m Є {1, 2, 3, 4, 5}) is a 
binary dummy variable, whereas the 5-year conflict risk includes three categories. When m=1, 









These dependent variables were regressed on the independent variables “inequality in 
per capita water distributions” and “water resources per capita (country data)” within the 
water-conflict adaptability country groups discussed below. Logit, Probit and linear 















































































5.1.2 The water-conflict adaptability of regions around the world 
The same pattern of conflict management should not be applied to different 
geographical areas in the world because a significant variation in the resource availability, use 
and institutionalization creates different local environments for riparian conflicts (Hensel et 
al., 2006). Similarly, cooperation research suggests that cooperation among riparian states is 
easiest when they have compatible needs (Song and Wittington, 2004). Song and Wittington 
(2004) have grouped country pairs by independent variables (per capita GDP population size, 
the continent in which the river is located, and the number of riparian countries sharing the 
river) based on their similarity and heterogeneity to investigate the effects of these factors on 
the dependent variable of negotiating a treaty (or no treaty). It was concluded that a country 
pair in Africa or Asia is less likely to have negotiated a river treaty than a country pair in 
Europe. Stahl (2005) classifies the dependent variable – water-related international relations – 
based on different patterns of the event histories and then classifies the dependent variable 
again by the homogeneity of explanatory hydro-climatic variables (the aridity index, mean 
annual precipitation, spatial variation of precipitation, inter-annual variability in precipitation 
and seasonal variability of precipitation) and finds that the influence of high water stress is 
strongest in arid and semi-arid regions, whereas the influence of economic and political 
factors on international relations over water is strongest in the humid regions. 
Therefore, our research first identifies the different water-conflict adaptabilities of 
regions across the world. Gleick (1993) has developed four indices of water resource 
vulnerability of countries: annual withdrawals to supply, per capita water availability, 
dependence on external surface water and hydroelectric production. Although these factors 
are useful explanatory variables, they fail to address the adaptive capacity of countries toward 
reductions of water quantity or toward increased spatial inequality. This issue was overcome 
by considering the gross national income (GNI) per capita of countries as reflecting the 
capacity of each country to solve water-related issues. Economically developed countries can 
afford technological solutions to increase the efficiency of water use and to find alternative 
solutions such as wastewater recycling and desalination. Negotiating effective treaties is 
expensive and requires a high level of expertise, which could explain why the wealthier 
Western countries are more likely to have concluded river treaties relative to other countries 
(Song et al., 2004). The near-future demand for water was accounted for by considering 
countries’ population growth rates. Population growth rate may provide an effective indirect 
measure for the increasing load on the available water resources (Gleditsch, 1998; Tir and 
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Diehl, 1998).  The annual water availability per capita per year (indicating the common 
resource scarcity variable of water stress) and the dependency on external water resources 
used by Gleick (1993) were employed in this research as well. The groundwater dependency 
of a country is also introduced as an indicator because groundwater resources cannot be 
considered sustainable resources in relation to booming populations. Therefore, groundwater-
dependent countries tend to seek increased access to shared waters with another country. 
The classification methodology was discussed under Chapter 4 in detail. The water 
conflict adaptability country groups shown in Fig. 4.4 was utilized in exploring the 
associations of inequality in water distributions and the quantity with the risk of water 
conflicts under different adaptability settings. 
 
5.1.3 The link between the inequality of per capita water distribution and water 
conflicts 
In social psychology, the sense of relative deprivation is considered a key factor in 
causing social unrest (Brown, 2001; Duclos and Araar, 2006). The notion of relative 
deprivation is initiated by the perceived discrepancy of what one already posses and what one 
feels entitled to. The comparison is most often between groups rather than between 
individuals. This inter-group comparison (of benefits) is stronger than that between 
individuals and is capable of providing sufficient motivation for social change when the 
discrepancy is revealed to be genuine (Walker and Pettigrew, 1984). Although in war and 
armed conflict research, this theory has been used to test income inequality as an independent 
variable, in resource conflict research, its application has been limited. Especially in water 
conflict and cooperation research, the independent variables used to test for relative 
deprivation have always been per capita water resources (Gleick, 1993) or upstream-
downstream discrimination. Hauge and Ellingsen (1998), who have tested the links between 
environmental scarcity and armed conflict (including the incidence of civil war), utilized 
income inequality as the second-best measure of structural scarcity (Homer-Dixon, 1994) in 
the absence of reliable data on the best measure, the distribution of land. We test the 
inequality of per capita water resource distribution as a link to water conflicts, employing the 
Gini Coefficient to measure the inequality. Another interpretation of the Gini Coefficient is as 
a measure of the relative deprivation of income or wealth, which has been linked with 
subjective well-being, social protest and political unrest (Duclos and Araar, 2006). In our 
research, the Gini Coefficient provides an indicator for the relative deprivation of water in a 
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country as well. The higher the Gini Coefficient, the higher is the deprivation of water, as in 
the case of income inequality. Usually, the Gini Coefficient (G) varies in the range 0-1. 





Here, yi are the ascending-ordered water resources per capita per grid values, and i are 
their ranks; n is the number of land grids (0.5°) contained in each country. The data utilized 
were the simulated average annual discharges from 0.5° horizontal-resolution grids 
(University of Tokyo – reservoirs not considered) for the year 1990. The rationale for this 
approach was that the discharge from each 0.5° grid was the usable water resources available 
to the people within that grid. To minimize any regional biases, data from four GCMs 
(CCSM3, MIROC3.2, CGCM2.3.2 and UKMO under the present climate scenario 20c3m) 
were averaged. Population data utilized were from the Centre for International Earth Science 
Information Network (CEISIN) for the same year and were used to calculate the water 
resources per capita for each 0.5° land grid. The country data were extracted, and a Gini 
Coefficient for each country was calculated from the extracted per capita water resources data. 
Along with inequality in per capita water distributions (Gini Coefficients), the extent 
of water resources per capita was utilized as another independent variable, as suggested by 
many previous conflict studies (Gleick, 1993; Dinar, 2009). Grid values for water resources 
per capita were averaged over each country to obtain a country indicator for water resources 
per capita. The standardized water resources per capita, W, were then utilized in regressions 
(Fig 5.1). 
The binary water conflict dummy variable C was coded for 1990 and for 2000 using 
the above definition for a water conflict using water event data from the TFDD. Then, the 
near-future water conflict indicators m-year conflict and 5-year conflict risk were derived 
from C. These future water-conflict indicator dummy variables and the continuous 




















independent variables G (0≤G≤1), which measures relative deprivation of water, and W were 
classified into their water-conflict adaptability groups. Within these water-conflict 
adaptability groups, two non-linear probability models, Logit (Equation 7) and Probit 
(Equation 8), as well as linear regressions (Liao, 1994; Hsiang et al., 2011) were carried out. 
In Equation 8,  represents the standard normal cumulative distribution function. In the 
equations below, j is the country considered in the conflict adaptability group under analysis. 
The water conflict intensity level under consideration is given by s (sє {1, 2}). k stands for the 
water-conflict intensity level (k={1,2}). Bi (i={0,1,2}) indicates the regression coefficient. 
The strength of the relative deprivation of water resources is indicated by the Gini Coefficient 












The Probit model (Liao, 1994; Wang, 2005) is defined as 
 
 















































The intensity level 0 (no conflict) was taken as the reference category. The derivations 
of the water-conflict models were conducted for the year 1990, whereas the validations of the 
models were conducted for the year 2000. 
The links between water conflicts and the independent variables relative deprivation of 
water (indicated by the inequality in per capita water distribution within a country) and water 
resources per capita were explored in each of the water-conflict adaptability groups (Table 
5.2 and Table 5.2, Table 4.2 is repeated here, to facilitate easy understanding of the tables 5.2 
and 5.3) in the year 1990. The dummy water-conflict indicators 5-year conflict (C5) and 5-
year conflict risk (C5R) revealed statistically significant logit regressions (at significance 
levels of 0.05 and 0.001) on the inequality in per capita water distribution (G) and 
standardized water resources per capita (W) for CG4 as well as for the interactions between 
groups CG2 and CG4 (Table 5.1). CG1 and the interactions between groups CG1 and CG3 
were significant at the 0.001 level for the water-conflict dummy variable C5R. However, CG2 
and CG3 alone did not show any significance. CG3 countries were predominantly the 
upstream neighbors of CG1 countries (Fig. 4.4). CG2 countries, despite being predominantly 
downstream of CG4 countries (South America and Africa), still had the capacity to sustain 
themselves in terms of water resources (water resources per capita >17610 m3/year, well 
above Falkenmark’s (1989) threshold for water scarcity of 1700 m3/year). Nevertheless, in 
CG2 countries, only some regions are populated, leading to the conclusion that there is still 
room for agricultural expansion, whereas CG4 countries tend to be more evenly populated 
(Fig. 4.5). Therefore, there is a need for higher efficiency in agricultural production in CG2 
countries. Thus, the water quality issues in CG4 countries give rise to water conflicts in the 
downstream CG2 countries. CG3 members are predominantly upstream of CG1 countries 
(Fig. 4.4) and belong to the lowest per capita water resources and economic capacity classes 
(Table 4.2). Therefore, the country group requiring the greatest degree of cooperation from 
upstream neighbors is CG1. CG3 countries have low incentives to interact with CG1 countries 
because of the practical difficulties of water transfers to upstream, even if CG1 countries 
agree to cooperate. Therefore, the onset of water conflicts in CG3 countries result from their 
interactions with CG1 countries. All CG1 interactions with CG3 countries, as well as CG4 




























• Read TRIP data of resolution 0.5° (Oki et al, 
1998, Oki et al, 2001) 
• Averaged over 4 GCMs; CCSM3, 
MIROC3.2, CGCM2.3.2 and UKMO under 
Population count per grid of horizontal 
resolution 0.5° (Data courtesy CIESIN) 
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Fig. 5.1 The schematic flow diagram of the data pre-processing and the inputs to the water 
conflict models used inside each water conflict adaptability country class. 
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 Table 4.2 Major properties of the water-conflict adaptability country groups. (Table repeated) 
 
 Please refer to Table 2 for descriptions of the multivariate classes represented by the last digit. 
 
Conflict adaptability group Descriptive group code Number of countries in 
group, N 
CG1 Groundwater dependency<50,  External water dependency >30, multivariate class 1 37 
CG2 Groundwater dependency<50,  External water dependency >30, multivariate class  3 11 
CG3 Groundwater dependency<50,  External water dependency <30, multivariate  class 1 31 
CG4 Groundwater dependency<50,  External water dependency <30, multivariate  class 3 19 
CG5 Groundwater dependency>50,  External water dependency <30, multivariate  class 1 10 
CG6 Groundwater dependency>50,  External water dependency <30, multivariate  class 2 2 
CG7 Groundwater dependency>50,  External water dependency <30, multivariate  class 3 2 
CG8 Groundwater dependency>50,  External water dependency <30, multivariate  class 4 2 
CG9 Groundwater dependency<50,  External water dependency >30, multivariate  class 2 3 
CG10 Groundwater dependency<50,  External water dependency >30, multivariate  class 4 5 
CG11 Groundwater dependency<50,  External water dependency <30, multivariate  class 2 4 
CG12 Groundwater dependency<50,  External water dependency <30, multivariate  class 4 5 








    Model
  Logit Probit Linear
N Level of 5-yr conflict 5-yr conflict 5-yr conflict 5-yr conflict 5-yr 
    2 3 3 2 3 2 3 2
CG1 37 Initial model (1) 45.03** 63.32*** 
  2 3.17* 4.83** 
  3 2.68 8.64** 
    Final model 39.18* 47.07** 34.11 20.70
CG1 66 Initial model (1) 79.23*** 105.52*** 
and  2 1.09 11.11*** 
CG3  3 1.78 14.81*** 
    Final model 76.37 88.47*** 
CG2 27 Initial model 34.37*** 34.37* 35.28*** 
and  2 6.97*** 6.97*** 7.88*** 
CG4  3 0.92 0.92
    Final model 27.40*** 26.48** 26.48** 22.08 22.08 21.35
CG4 16 Initial model 17.99* 17.99* 17.99* 
  2 7.36*** 7.36*** 7.36*** 
  3 3.58* 3.58*
    Final model 10.63* 7.05*** 7.05*** 
CG5 9 Model fits - not significant
CG6 2 Only no-conflict events
CG7 2 Only no-conflict events
CG8 1 Only no-conflict events
CG9 3 Linear model fits -significant; regression coefficients - not significant
CG10,11,12 14 Final model 0.63*
CG13  3 Final model 0.67***




=0.  5-year conflict risk – if conflicts occur in at least 3 years out of the five consecutive years (1990-
1994), C
5R




=0. Model 1 is the model with only the intercept which is the same as the initial model. Model 2 considers the intercept and the independent 
variable; inequality, G (except in the combined CG10, 11, 12, where the independent variable in model 2 is the water resources per capita). Model 3 includes the intercept and both independent variables: inequality and 
water resources per capita. Improvements (reductions) in the -2 log likelihood (-2LL) with the inclusion of the variables inequality and water resources per capita to the initial model (1) and the resulting final model -2LL 
are reported for the non-linear models in the table. For the linear regressions, the linear sums of squares are reported. The chosen models for the analysis are highlighted. Levels of significance: *<0.1, **<0.05,***<0.01
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Intercept -11.02* -9.13*  
 (6.63) (5.33)  
 G 11.04 9.64  
  (7.70) (6.25)  
 W -0.213 -0.25  






Intercept -13.02**   
  (5.81)   
 G 10.74*   
  (5.52)   
 W -7.86   












Intercept -7.93** -4.65**  
  (3.99) (2.27)  
 G 8.57* 5.02*  
  (4.73) (2.72)  
 W -0.88 -0.52  
















Intercept -1.78 -1.06  
and (1.72) (0.94)  
CG3 G 0.31 0.17  
  (2.30) (1.26)  
 W 0.05 0.03  






Intercept -14.20***   
  (5.01)   
 G 11.42**   
  (4.48)   
 W 9.29**   












Intercept -3.02* 1.57  
  (1.57) (1.12)  
 G 2.78 -0.24  
  (2.00) (0.20)  
 W -0.45 -1.74**  
















Intercept -13.61** -14.62** -8.33** -9.07**  
and (7.51) (6.50) (3.84) (3.88)  
CG4 G 16.26** 17.65** 9.95** 10.96**  
  (7.99) (8.03) (4.73) (4.82)  
 W -0.48 -0.31  





Intercept   
 G   
 
W 












Intercept -13.61** -14.62** -8.33** -9.07**  
  (7.51) (6.50) (3.84) (3.88)  
 G 16.26** 17.65** 9.95** 10.96**  
  (7.99) (8.03) (4.73) (4.82)  
 W -0.48 -0.31  








Intercept -39.94   






G 49.03  
  (34.33)  
 W -2.96  





 G  












Intercept -24.15* -39.94 -13.93*  
  (14.06) (27.90) (7.66)  
 G 28.76* 49.03 16.63*  
  (16.96) (34.33) (9.30)  
 W -2.96  
  (2.91)  
CG5 Model fits and regression coefficients are not  
CG6 Only no-conflict (0) events  
CG7 Only no-conflict (0) events  
CG8 Only no-conflict (0) events  












  (0.10) 
 W 0.21* 












  (0.10) 
 G 10.52*** 
  (0.13) 
The definitions for the dependent variables and for the levels of model (models 1, 2, and 3) are the same as in Table 5. The regression 
coefficients are reported in the table with their Wald significances denoted by asterisks and the standard errors in parentheses under the 
coefficients. The regression coefficients are reported only for the significant models. When only one model is significant for a certain 
adaptability country group, it is reported only when its regression coefficients are significant. The chosen models for the analyses are 
highlighted. Levels of significance: *<0.1, **<0.05, ***<0.01 
 coefficients with inequality (G), indicating that when inequality increases, the probability of 
water conflict increases rapidly as well. Nevertheless, water conflict shows small, 
predominantly negative and weak regressions with the per capita water resources indicator, W 
(except in the case of interactions between the CG1 and CG3 groups, where both independent 
variables were significantly positively correlated). However, for CG1 countries and their 
interactions with CG3 countries, the increasing probability of volatile conflicts is significantly 
linked with increasing inequality. Nevertheless, the probability of volatile conflicts is still 
lower than 0.10 (Fig. 5.2). When the inequality increases to greater than 0.600, the probability 
of low-level conflict increases rapidly, whereas above G=0.8, only CG1 countries’ probability 
of volatile conflict increases, although the increase is mild. However, whatever the degree of 
inequality is, CG3 countries have an induced risk of low-level conflicts in response to their 
interactions with CG1 countries (lower than 0.2) (Fig. 5.2). Therefore, CG3 countries have a 
bias for no conflict events rather than for low-level or volatile water conflicts. The resource 
links related to low-level conflicts are weak. The conflict dummy variable C5 overshadows 
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the link between the probability of volatile conflicts and water resource inequality (Table 5.2). 
Therefore, the conflict dummy variable C5R for CG1 countries and for their interactions with 
CG3 countries was selected for further analysis in the full model (model 3). In contrast, rising 
inequalities increase the probability of low-level water conflicts in CG4 countries (when 
G>0.6) and in the interactions between CG4 and CG2 countries (when G>0.5) (Fig. 5.2). 
Low-level conflicts in these countries are significantly linked to inequality as well (at a 
significance level of 0.1). However, the induced risk of low-level conflict resulting from CG4 
interactions exists at lower inequalities for non-CG4 countries than in the case of the conflict 
inducers (CG4). Here, both conflict dummies, C5 and C5R, lead to the same models because 
there are no observed volatile conflicts in these two groups. These observations agree with the 
dominance of water quantity issues in CG1 and CG3 countries, whereas water quality is the 
dominant issue in CG2 and CG4 countries (Wolf, 1999). Because model 2 (with only one 
independent variable inequality) provides more significant regressions, it was selected for use 
in further analyses. 
The water-conflict dummies for m≤4 did not reveal significant links to inequality in 
per capita water distributions or water resources per capita. The predominantly (>50%) 
Fig. 5.2 The probabilities of water conflicts estimated by the Logit regression models for the 
water-conflict adaptability country groups with the lowest water-conflict adaptability. 
Standardized water resources per capita were maintained at their group means. 
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groundwater-dependent country group did not show significant regressions between water 
conflicts and the two independent variables. Considering only surface-water resources in the 
analysis of correlations between water conflicts and water inequality or per capita water 
resources may have limited the usefulness of our methodology in CG5. Of CG9, the 
probability of water conflict incidence was only linearly regressed against inequality, and the 
resulting model coefficients were insignificant. For the interactions among CG10, CG11 and 
CG12 countries, C5 revealed a significant (at a significance level of 0.1) link with W but not 
with inequality. These countries include European countries and the USA, which have a high 
adaptability to water conflicts (Table 4.2). Water-conflict probability in CG13 countries is 
strongly linearly linked to inequality, G, although the model only estimates water conflict-
probabilities for G≥0.721. 
The water-conflict adaptability country groups CG6, CG7, CG8 did not have any 
water conflict events during 1990-1994. Therefore, the dependent variables C5 and C5R in 
1990 had only no-conflict (0) values. 
 
5.1.4 The probabilities of water conflicts increasing in intensity in the major 
conflict-adaptability groups 
The country groups with the lowest adaptability (belonging to the lowest per capita 
GNI and the lowest per capita water resources classes) to water conflict incidence, CG1, CG3, 
CG2 and CG4, show increasing probabilities of water conflict with increasing inequalities in 
per capita water distributions. Therefore, it is beneficial to water managers to know the 
probability of water conflicts increasing in intensity with increasing inequality. If rapid 
escalations of water conflicts are expected, strong incentives should be created for the 
involved parties to cooperate, and the rapid development of an effective cooperative strategy 
is required. Fig. 5.3 shows the probabilities of water conflicts increasing in intensity for 
country groups CG1 and CG4 and for interactions between country groups CG1 and CG3 and 
between CG4 and CG2. 
Conflict-adaptability country groups CG1 and CG3 are not under a serious threat of 
water conflict escalation, having odds lower than 1.0. However, in CG1, for very high 
inequalities (>0.90) in per capita water distributions, a slight risk exists of developing low-
level conflicts, with odds near 1.0. Nevertheless, for CG2 and CG4, the odds of developing 
water conflicts are very high. For CG2 countries, the odds of a latent conflict escalating, 
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increases by more than 2-fold for G>0.85. For CG4, the odds of a latent conflict escalating or 
of a new conflict occurring increase very rapidly after inequality increases to more than 0.80. 
5.2 Validation of the Regional Water-conflict Models 
The derived water-conflict models (1990) were applied to the year 2000 to validate the 
models (Fig. 5.4). Cut-off probabilities maximizing the sensitivity of the water-conflict 
models were selected because false-negative estimations of a water conflict would lead to 
ignoring the conflict incidence, requiring time, effort and capital to resolve the conflict. True-
positive estimates are cases for which the models correctly identify countries in conflict 
(Cest=1) in agreement with the observed conflicting countries (Cobs=1). True-negative 
estimates are cases of countries that were estimated not to be in conflict (Cest=0) and 
correspond to observed no-conflicts (Cobs=0). False-negative estimates correspond to the 
countries observed as having water conflicts (Cobs=1) estimated by the conflict model as no-
conflict (Cest=0) estimates, whereas false-positives are observed cases of no-conflict (Cobs=0) 
modeled as being in conflict (Cest=1). The frequencies of true positives and true negatives are 
Fig. 5.3 The odds of water conflicts increasing in intensity in the conflict-adaptability groups
with the lowest adaptability to water conflicts. Standardized water resources per capita were 





































































































































































































measures of the modeling accuracy (Peng and So, 2002, Table 5.3 and equations 5.10- 5.12). 
The accuracy can therefore be expressed as the overall fit of the models, which combine the 
true positives and the true negatives (Table 5.3).  The frequencies of false negatives and false 
positives are measures of modeling errors (Peng and So, 2002).  
 
Table 5.3 The accuracy estimation of the water-conflict models. 
 
  Estimated cases of water conflict (Cest) 
  No conflict (0) Conflict (1) 
Observed cases of 
water conflict (Cobs) 
No conflict (0) a b 
Conflict (1) c d 




















Table 5.4 The overall accuracy of the water-conflict models in the year 2000. 
Country group CG1 CG2 CG3 CG4 CG10, CG11 and CG12 CG13 
Overall accuracy (%) 62.2 74.0 47.0 75.0 85.7 33.3
False-negative rate (%) 38.9 66.7 50.0 0.0 0.0 0.0
False-positive rate (%) 36.8 87.5 45.0 14.3 100.0 100.0
A false negative can result in poor water management in response to a specific water-
conflict incidence, a mistake that can incur high costs and require considerable effort to 
resolve.  After a conflict begins, it can drag on for decades, fueling other inherent 
disagreements between neighboring countries and even bursting into armed conflict, as in the 
case of India and Pakistan over the Indus River (Wolf, 1999). If the conflict escalates rapidly 
(Fig. 5.4), the costs of failing to predict the conflict would be much higher. Therefore, cut-off 
probabilities maximizing the sensitivity of the water-conflict models were selected and false-
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negative estimations were thereby minimized. A false positive, however, will prompt water 
resource managers to take additional cautious measures in water management and demand 
management to ensure that a water conflict would not occur. This could result in the 
ineffective use of human and financial capital.  Our modeling has produced an overall 
accuracy of 54.1% for the 109 countries for which the observed water conflict incidence could 
be confirmed (excluding groups CG5, CG6, CG7, CG8 and CG9). Whereas the overall false-
positive rate was 34.0%, the model produced an overall false-negative rate of 11.9%. The 
high false-negative rate is largely the result of the very high false-negative rate of adaptability 
country group CG2 (Table 5.4). For CG6, CG7 and CG8, all of the observed water-conflict 
events for the variables C5 and C5R for years 1990 and 2000 are no-conflict (Cobs=0) cases. 
Although the water-conflict models for CG1 and their interactions with CG3 estimated 
the probabilities of volatile conflicts and low-level conflicts as well, for practical purposes, 
the most important fact is to know which countries are likely to experience water conflicts in 
the next five years. Therefore, the conflict intensity of the estimated C5R was disregarded (Fig. 
5.4). Nevertheless, for estimating which countries have the highest risk of conflict escalation, 
C5R water-conflict estimates were considered. 
The spatial distribution of these errors reveals interesting facts. South American water 
conflicts were overestimated (false positives) for five countries (Argentina, Bolivia, Brazil, 
Ecuador, Paraguay, Venezuela, Uruguay and Honduras: 35.0% of the countries). 
Nevertheless, in South America, there are no false-negative estimates. The dominant issue for 
water conflicts in South America is water quality (Wolf, 1999). Although water quality issues 
can be expressed as a reduction in the quantity of high-quality water available for use, the 
water resources per capita per country parameter does not accommodate this interpretation. 
Only the dependent variable water conflict (C) takes water quality issues into account. On the 
African continent, there is a high (16.3% of countries) overestimation of water conflicts 
(false-positive estimation) as well. There are only three (6.1% of countries) false-negative 
estimates (Mauritania and Senegal). The high false-negative rates in the South American and 
the African continents could be attributed to the fact that the cut-off probabilities were set to 
maximize the sensitivity of the model. The Asian water conflict incidences are modeled well, 
except for the case of western Asian countries in 2000. However, seven out of the thirteen 
false-negative estimates are in western Asia. Therefore, it can be stated that western Asian 
water conflicts are not modeled well. The immediate future water-conflict probabilities 
estimated for European continent are overestimated as well (Fig. 5.4). Nevertheless, the 
groups CG10, CG11, and CG12 interaction group, which mostly consists of European 
63 
 
countries (and the USA), has the highest overall model accuracy, without any false-negative 
estimates. 
Some countries in CG1, CG2, CG3 and CG4 have probabilities of water conflict 
escalation greater than 1.0. In CG1, with the exception of very few countries (Botswana, 
Chad, Kazakhstan, Kenya, Mali, Mozambique, Namibia, Somalia, Sudan, Uganda and 
Zimbabwe), all of the countries showed very high odds of low-level water conflicts escalating 
into volatile water conflicts. In CG3, only Angola, China, Indonesia, Mongolia, South Africa, 
Tajikistan and Zambia show high odds of the escalation of low-level conflicts into volatile 
conflicts. In CG2 and CG4, the odds of the escalation of dormant conflicts into low-level 
water conflicts (or the incidence of new water conflicts) were greater than one for Argentina, 
Brazil, Colombia, Venezuela, Ecuador, Myanmar, Russia and Zaire. 
However, our analysis is limited to only two years. A time-series analysis of water 
conflicts in these groups could lead to more robust conclusions. 
5.3 Conclusions 
The world’s countries (N=136) were classified into water-conflict adaptability groups 
using a combined multivariate-analysis and decision-tree classification. Within these water-
conflict adaptability groups, the appropriateness of using inequalities in per capita surface-
water distributions to indicate the likelihood of a water conflict within the next five years was 
investigated. The Gini Coefficient was employed to measure these inequalities. Water 
resources per capita for a country were utilized as an additional independent variable. Two 
dummy water-conflict indicators, 5-year conflict and 5-year conflict risk, were employed to 
indicate the near future (within the next 5 years) probability of a water conflict. Conflict 
model derivation was conducted for 1990, and validation was conducted for the year 2000. 
The classification produced thirteen conflict-adaptability groups. The South and 
Southeast Asian countries, as well as the African countries, showed the lowest adaptability to 
water conflicts, and South American countries showed low adaptability to water conflicts as 
well. Although the countries with the lowest adaptability to water stress in response to climate 
change and population growth were identified among the highly groundwater-dependent 
countries, further analysis within this adaptability group (CG5) was obstructed by the lack of 
a suitable database for estimating inequalities in per capita groundwater availability. 
Country groups with the lowest adaptability to water conflict incidence, the CG1, 
CG2, CG3 and CG4 groups, showed significant associations with model coefficients for Logit 
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regressions on the near-future water-conflict indicators 5-year conflict and 5-year conflict 
risk. Inequality in per capita water distributions was highly associated with these two water-
conflict variables. Country groups classified as having both the lowest economic capacity (per 
capita GNI (ppp) lower than 13195 International Dollars) and the lowest per capita water 
availability (CG1 and CG3) showed an increasing probability of low-level and volatile water 
conflicts with increasing inequalities. Inequalities were highly significant in estimating 
volatile water conflicts in these two adaptability groups, whereas the odds of low-level 
conflict incidence were higher than those for the incidence of volatile water conflict. 
Particularly on the South American continent and the African continent, country groups with 
low economic capacity but high water resources per capita, the CG2 and CG4 groups 
(multivariate classes 1 and 3, per capita GNI (ppp) lower than 13195 International Dollars), 
showed increasing low-level water-conflict probabilities with increasing inequalities in per 
capita water distributions, with significant model fits and regression coefficients. In these two 
conflict-adaptability groups, the odds of new conflict onset or dormant conflict escalation 
increased by more than two-fold when inequality rose above 0.85 and 0.80, respectively. 
Therefore, the institutional and infrastructural arrangements that provide better access to and 
more equal distribution of water resources will lower the probability of water conflict 
incidence in countries with low economic capacity.  
In indicating the incidence of water conflicts, the interactive country groups CG10, 
CG11 and CG12 were the best modeled, with an overall accuracy of 85.7% and a false-
negative rate of 0.0%, whereas CG2 had the most modeling errors (a false-negative rate of 
66.7% and a false-positive rate of 87.5%). However, CG2 produced an overall accuracy of 
74.0%. The overall modeling of the incidence of water conflicts had an accuracy of 54.1% 
along with a false-positive rate of 34.0% and a false-negative rate of 11.9%. 
The derived water-conflict models produced close agreement with Asian water-
conflict incidence (except in western Asia). African water conflicts were modeled well, with 
16.3% false positives and false-negative estimates of only 6.1%. However, South American 
water-conflict incidence was overestimated, without any false-negative estimates and 35.0% 
false-positive estimates. Most of the countries with high odds of conflict escalation to volatile 
conflicts are African countries (Botswana, Chad, Kenya, Mali, Mozambique, Namibia, 
Somalia, Sudan, Uganda, Zimbabwe, Angola, South Africa and Zambia). Asian countries, 
including China, Mongolia, Kazakhstan and Tajikistan, are at high risk of conflict escalation 
as well.  
Our methodology assessed the probability of volatile water conflicts and of low-level 
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water conflicts in different adaptability settings. This approach enabled the identification of 
countries that are likely to experience water conflicts within the next five years as well as 
countries with high odds for the water related disputes to escalate into volatile or low-level 
water conflicts. This methodology provides the basis for the estimation of near-term (within a 
five-year timeframe) climate change risks in terms of water conflicts. Because the water-
conflict models are based on water availability parameters, they leave very little to the 
assumption of climate stationarity. 
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CHAPTER 6  
THE SENSITIVITIES OF COUNTRIES TO WATER CONFLICTS 
Rather than being research-driven, risk management is oriented towards decision-
making; e.g., on policy, planning, and management options (Carter et al., 2007). 
Sensitivity analyses employ characterizations that involve arbitrary or graduated 
adjustments of one or several variables relative to a reference case. These adjustments may be 
plausible (e.g., changes are of a realistic magnitude) or implausible (e.g., interactions between 
the adjusted variables are ignored), but the main aim is to explore model sensitivity to inputs, 
and possibly uncertainty in outputs (Carter et al., 2007). A scenario is a coherent, internally 
consistent, and plausible description of a possible future state of the world (IPCC, 1994; Naki 
cenovic et al., 2000; Raskin et al., 2005). Scenarios are not predictions or forecasts (which 
indicate outcomes considered most likely), but are alternative images without ascribed 
likelihoods of how the future might unfold. They may be qualitative, quantitative, or both. An 
overarching logic often relates several components of a scenario, for example a storyline 
and/or projections of particular elements of a system. Exploratory (or descriptive) scenarios 
describe the future according to known processes of change, or as extrapolations of past 
trends (Carter et al., 2001). Normative (or prescriptive) scenarios describe a pre-specified 
future, optimistic, pessimistic, or neutral (Alcamo, 2001), and a set of actions that might be 
required to achieve (or avoid) it. Such scenarios are often developed using an inverse 
modelling approach, by defining constraints and then diagnosing plausible combinations of 
the underlying conditions that satisfy those constraints (see Nakicenovic et al., 2007). This 
research uses climate change and population change scenarios as well, projecting to the year 
2100. 
 
6.1 Population Change Scenarios Utilized in the Study 
Global water resource assessments project grim futures, with increased water stress in 
many parts of the world (Vorosmarty et al, 2000, Arnel, 2004). Therefore, adaptation to 
global climate change is a need of the time. Population policy (Das Gupta et al., 2011, United 
Nations, 2011b) and climate policy interventions (Clarke et al., 2009, Moss et al., 2010), early 
warning systems, effective risk communication between decision makers and citizens, 
sustainable land management and ecosystem management and restoration (IPCC, 2012) are 
among the adaptation measures with high potential benefits. However, few studies have 
specifically quantified the effects of changes in population (Curtis, et al., 2011, IPCC, 2012). 
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Nevertheless, societal development trends play significant roles in climate change adaptation 
compared with specific climate policies (Vorosmarty et al, 2000, Van Vuuren et al., 2011). 
Furthermore, the global population projections utilized in the new Representative 
Concentration Pathways (RCPs) and other emissions scenarios (Riahi et at., 2011, EMF-22 
cited in Van Vuuren et al., 2011, IPCC, 2000) have uniform regional growth assumptions 
after the year 2050 (Arnel, 2004, Riahi et at., 2011, Van Vuuren et al., 2011). Therefore, their 
use in climate impact assessments (Arnel, 2004, Shen et al, 2008) masks vulnerabilities at 
finer scales.  
Most of these studies (Arnel, 2004, IPCC, 2000, Riahi et at., 2011) employ either the 
United Nations population projections or those of the International Institute of Applied 
Systems Analysis (IIASA). The projected global populations in 2100 vary significantly 
among the various projections. The EMF-22 scenarios utilize a population projection of eight 
to ten billion in 2100 (cited in Van Vuuren et al., 2011), whereas the recent RCP population 
projections vary from approximately eight to twelve billion (Riahi et at., 2011, Van Vuuren et 
al., 2011). However, the 2100 population projections used in the previous SRES scenarios 
(IPCC, 2000) vary from seven billion under the A1 and B1 storylines to fifteen billion under 
the A2 storyline (IPCC, 2000). Although more recent literature provides more downward 
projections for 2100 (Van Vuuren and O’Neill, 2006), the most recent World Population 
Prospects 2010 revision provides a different picture, with slight upward revisions of its 2008 
version. The high variant projects a global population of 15.8 billion, whereas the medium 
and low variants project values of 10.1 and 6.2 billion, respectively (United Nations, 2011a). 
The reasons for this upward shift are the confirmed evidence of the decreasing prevalence of 
HIV/AIDS among the Third World populations and the slow progress of the fertility decline 
in Sub-Saharan Africa than the previous expectations (Lee, 2011). Even though the UN low 
projection (United Nations, 2011a) gives a declining global population in the second half of 
the century, the National Research Council (NRC, 2000) has found only a one-in-one-
thousand probability that the global population would decline from 2030-2050, in contrast to 
the UN low scenario (Lee, 2011). However, the UN and IIASA scenarios explicitly assume 
that the population growth will not change course due to feedback from negative 
environmental or climate change impacts (Lee, 2011). Therefore, to address these needs, we 
explore the impacts of a global population projection that results in a total global population 
similar to that of the UN high population projection (United Nations, 2011a) in 2100, resulted 
by country level growth assumptions even after 2050. The effectiveness of population control 
policies adopted by a few countries to reduce climate change impacts globally and regionally 
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is also explored, by the means of two other major population scenarios that assume country 
level population policy. The climate change impact addressed here is the potential decrease in 
per capita water resources.  
A scenario that projects the global population to be 15.7 billion in 2100 (SC1, Fig. 
6.1) was employed without any assumptions regarding additional population control policies 
directed at tackling climate change for any country. This scenario closely agrees with the 
UN’s high population projection (United Nations, 2011a) of 15.8 billion in 2100. However, 
only the decadal trends in the historical annual population growth rate (1961-2010) data 
(World Bank, 2012) at the regional level (for the countries in the three World Bank income 
categories: high, middle and low income) were explored to derive the future trends. Although 
the concurrent scenarios used in climate research utilize regionally uniform population growth 
rates (Arnel, 2004, Van Vuuren et al., 2011) after 2050, this study assumes regional trends in 
the annual population growth rate. Distinctive trends were derived regionally for trends in the 
annual population growth rate in the high-, middle- and low-income countries (World Bank, 
2012). The year 2010 was taken as the base year for population projections, whereas the base 
year for this analysis was assumed to be 2000. Therefore, every scenario considered follows 
the World Bank (2012) country populations until 2010. 
Fig. 6.1 The population policy scenarios utilized in the study. SC1 does not assume any 
population policy to reduce climate change impacts. SC2 applies fertility-reduction policies to 
countries where the annual population growth rate in 2010 exceeds 2.5%. SC3 additionally 
assumes that by the time the countries reach the replacement fertility rates, there will be no
policy to keep populations stabilized at zero growth.
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The population policy scenarios are applied only for selected countries (Fig. 6.2). SC2, 
which focuses on fertility-reduction programs, is applied only for countries with population 
growth rates greater than 2.50% in 2010 (the average population growth rate for heavily 
indebted poor countries in 2010 is 2.56% and for Sub-Saharan Africa only is 2.49%; World 
Bank, 2012). SC1 assumes an above-replacement-level fertility for these countries even until 
2100, and it is the SC2 (or SC3) population policies that reduce them to near-replacement 
fertility (or replacement fertility in SC3). Trends in the population growth rate similar to that 
of China at various stages of transition (Fig. 6.3) were applied to these countries based on 
their income category (World Bank, 2012). The effectiveness of the fertility-reduction 
programs was assumed to decrease with decreasing income of the country. China is a country 
with more than 30 years of experience in fertility-reduction policies in the form of family 
planning programs in combination with other incentive and disincentive programs (Peng, 
2011). Although, its “one-child policy” is open to limitless critique, the same policy has been 
more flexible in rural China (Peng, 2011). Therefore, it is a good example of policy-driven 
population growth trends. SC3 assumes that by the time the countries reach the replacement 
fertility level, they have policies to keep the populations stabilized at that level, apart from the 
assumptions in SC2. 
However, the global impacts of scenarios SC2 and SC3 do not differ greatly according  
Fig. 6.2 The regional population growth for the countries where the SC2 (dotted line) and 
SC3 (center line) policies are applied. The solid lines show the populations under the no-





to Fig. 6.1. Even the no-policy scenario, SC1, assumes that populations will reach near-
replacement fertility levels for the countries with low population growth rates (< 2.5% in 
2010) by 2100, simulating small, above-zero population growth. 
 
6.2 Future water availability scenarios used 
Water availability due to climate change was considered under emissions scenarios 
A1b, B1 and A2. However, only renewable water resources were considered for the analysis. 
The discharges per grid of horizontal resolution 0.5° from the Total Runoff Integrating 
Pathways (TRIP-1) of the University of Tokyo were assumed to be the potentially available 
water for use in the respective grids. Validation of the TRIP data can be found in Oki et al. 
(1998) and Oki et al. (2001). The data were averaged over four climate models, CCSM3, 
MIROC3.2, CGCM2.3.2 and UKMO, for each climate scenario to reduce regional biases. The 
year 2000 was selected as the base year for the analysis. The per capita water resources 
(m3/year) were calculated for all combinations of the population and climate scenarios.  
Fig. 6.3The historical annual population growth rates in China (data from World Bank, 
2012). The exponential trends for the marked periods were assumed to be driven by the 
fertility-reduction policy trends: HI, MI and LI in the annual growth rate under scenarios 
SC2 and SC3 for the selected countries in the respective income categories of high income, 
middle income and low income (World Bank, 2012). 
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Although the underlying population scenario utilized for the SRES A2 projects 15.1 
billion people in 2100, similar to the population scenario employed in this study (15.7 billion 
in 2100), the other two projections are lower (IPCC, 2000, Arnel, 2004). Therefore, the 
climate scenarios were selected to represent the SRES high and low projection storylines 
(15.1 and 7.0 billion). However, as in the EMF-22 scenarios (Clarke et al, 2009, cited in Van 
Vuuren et al., 2011), no relationship was assumed between the climate scenarios and the 
population scenarios. 
 
6.2.1 SRES Scenario A1b 
The A1b emissions scenario belongs to the A1 storyline and scenario family. The A1 
storyline and scenario family describes a future world of very rapid economic growth, the 
rapid introduction of new and more efficient technologies. Major underlying themes are 
convergence among regions, capacity building and increased cultural and social interactions, 
with a substantial reduction in regional differences in per capita income. The technological 
emphasis of the A1b scenario is based on the assumptions that the energy system does not 
rely heavily on either fossil fuels or on non-fossil fuels. Similar improvement rates also apply 
to all energy supply and end-use technologies. The global population is assumed to peak in 
mid-century and decline thereafter, resulting in a global population of around 7 billion in the 
year 2100. 
 
6.2.2 SRES Scenario B1 
The B1 storyline and scenario family describes a convergent world with the same 
global population, that peaks in mid-century and declines thereafter, as in the A1 storyline, 
but with rapid change in economic structures toward a service and information economy, with 
reductions in material intensity and the introduction of clean and resource-efficient 
technologies. The emphasis is on global solutions to economic, social and environmental 
sustainability, including improved equity, but without additional climate initiatives. 
 
6.2.3 SRES Scenario A2 
The A2 storyline and scenario family describes a very heterogeneous world. The 
underlying theme is self-reliance and preservation of local identities. Economic development 
is primarily regionally oriented and per capita economic growth and technological change 
more fragmented and slower than other storylines. Fertility patterns across regions converge 
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very slowly, which results in continuously increasing population, resulting in a global 
population about 15 billion in 2100. 
 
6.3 The Importance of Population Change  and Climate Change to the Study 
 
6.3.1 The combined impact of climate change and population change on water 
availability 
The impacts of population change under scenarios SC1, SC2 and SC3 for the water 
availability scenarios A1b, B1 and A2 were explored. Global per capita water availability 
(m3/year) was calculated for grids with a horizontal resolution of 0.5° for the base year 2000 
and for the years 2025, 2050 and 2100. Falkenmark’s (1992) water stress indicator was 
employed in the analysis. This indicator defines three levels of water stress: an annual per 
capita water availability of 0-500 m3/year is extreme stress, 500-1000 m3/year is high stress 
and 1000-1700 m3/year is moderate stress (cited in Arnel, 2004). In addition, an upper 
transition zone of 1700-5000 m3/year was defined to clearly show the climate-population 
interactions in the middle to upper latitudes. The country-level population scenarios were 
disaggregated to the 0.5° grid level using population counts per grid data for the year 2000 
(corrected for the UN estimates) from the Centre for International Earth Science Information 
Network (CIESIN, 2010). 
Fig. 6.4 shows the per capita water availability from the combined effects of 
population climate change under the three climate scenarios in 2100 and how the population 
policy scenarios are beneficial or detrimental to regions addressing the impacts of climate and 
population changes. Fig. 6.4 (a) compares the effect of the no-policy population scenario 
(SC1) to the three climate scenarios A1b, B1 and A2 in the year 2100. Although A2 is 
expected to be the worst-case scenario (Arnel, 2004, Shen et al, 2008), in this case B1 in 
combination with the SC1 scenario (15.7 billion in 2100) also shows impacts similar to A2 for 
the already water-stressed lower latitudes. However, the B1 scenario, which has the same 
SRES population projection as in A1b (7.0 billion in 2100), shows a comparatively higher 
impact on the per capita water resources than A1b. This result implies that, opposed to the 
assumptions made in the SRES scenarios after 2050 (Arnel, 2004, Riahi et at., 2011, Van 
Vuuren et al., 2011), if combined with a more scattered pattern of population change across 
the world, a more convergent, environmentally friendly emissions scenario can result in a 
high-impact climate scenario. This effect is explained in detail in section 6.3.2.  The 












Fig. 6.4 The combined impact of population change and climate change for the year 2100
and the effectiveness of the population policy scenarios in reducing the impacts. The 
horizontal resolution is 0.5°. (a) Per capita water availability (m3/year) in the world. The 
highest water stress categories are 0-500 m3/year, 500-1000 m3/year and 1000-1700 m3/year, 
indicating countries where water stress is a major obstacle to human well-being and 
development or where water stress occurs regularly (Falkenmark et al., 1992). (b) The ratio 
of per capita water availability in 0.5° grids in 2100 to that in the base year 2000.The median 
class (yellow, 0.8-1.2) assumes a change of ±20% from the per capita water availability of 
2000. (c) The gain in the per capita water availability given by the fertility-reduction policy 
scenario SC2 as the ratio between the per capita water for SC2 to that of SC1. (d) The gain 
(blue) or loss (red) in scenario SC3 , which applies fertility reduction in certain countries and 
stabilizes the total fertility rate at the replacement fertility in certain others, compared to 
SC1, with the ratio of per capita water between SC3 and SC1. 
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change and population change, differ among the three climate change scenarios. However, all 
the three climate scenarios agree with the extremely negative impacts to water availability 
(<0.5 times water availability in 2000, Fig. 6.4 (b)) in the African continent, the Middle-East, 
Australia and in some parts of Asia. Therefore, the applied fertility reduction scenario (SC2) 
addresses the projected extreme water availabilities. 
Figs. 6.4 (c) and 6.4 (d) show the gain or loss that could occur under the fertility-
reduction policy scenario SC2 and the effects if it is combined with population stabilization at 
replacement fertility (scenario SC3), respectively. The scenario SC2 gives the highest gain 
(Fig. 6.4 (c)), with 6.1 times the water resources per capita in Niger, compared with SC1, with 
the second-highest gain of 5.3 times in Uganda. Niger and Uganda are the countries with the 
highest momentum for future population increase in Sub-Saharan Africa. In 2100, these two 
countries represent 12.5% of the total population in the region. The fertility-reduction policy 
scenario SC2 reduces this figure to 4.5%. The countries with fertility-reduction policies (SC2 
- Fig. 6.4 (c)) represent 24.5% of the global population in 2100 under the no-policy (SC1) 
scenario. Under SC2, this figure is reduced to 8.7%. However, the benefits of SC2 far 
outweigh the losses due to population stabilization at replacement fertility (SC3). A decrease 
in the annual per capita water availability of half (0.5) can be more detrimental than a twofold 
increase (Arnel, 2004), especially for regions with moderate to high water stress (annual per 
capita water < 1700 m3/year). However, the countries negatively affected by population 
stabilization at replacement fertility in SC3 are all high-latitude countries, including Russia 
and Eastern European countries with low water stress (annual per capita water > 1700 
m3/year). 
 
6.3.2 Effectiveness of the population policy in reducing the impacts of climate change 
and population change in the selected countries 
The combined population and climate changes increase water stress steadily in the 
countries where the population growth rates are high (>2.5%) under the no-policy (SC1) 
scenario. 
However, all three climate scenarios, A1b, B1 and A2, exhibit similar impacts on 
increased water-stressed areas in these countries (Fig. 6.5). In the extreme (0-500 m3/year) 
and high (500-1000 m3/year) water stress categories, the highest impact is given by the A2 
scenario in 2100. The other two scenarios follow. As seen in Fig. 6.4 (a), by 2100 (after 2050) 
the B1 scenario sometimes gives a higher impact (Fig. 6.5 (b) and (d)), whereas A1b 
surpasses B1 at other times. The most important outcome is that the effect of population 
75 
 
 change supersedes the changes in climate scenarios. Being the regions (Fig. 6.4 (c)) where 
24.5% of the population is concentrated in 2100, fertility-reduction programs could be 
considered a low-regret measure to address climate change impacts on water resources. 
However, a comparison of the reductions in the water-stressed area show that SC2 and SC3 
have parallel reduction paths, in contrast to the 0-500 m3/year extreme water stress category, 
where SC2 is more effective at reducing the impact under the climate scenarios A2 and B1. 
This result occurs because most of the grids in the 0-500 m3/year stress category are in the 
lower latitudes, where only fertility-reduction policies (SC2) are applied. However, the SC3 
applied areas under each stress category are higher than even the no-policy scenario areas 
simply because the SC3 region is larger than the SC2 region Fig. 6.4 (d). 
(b) (a) 
(d) (c) 
Fig. 6.5 The effectiveness of the population control policies (SC2 – fertility-reduction 
policy, SC3 – policy of population stabilization at replacement fertility combined with SC2) 
at reducing the area under water stress compared with the no-policy scenario, SC1. The 
figures consider only the countries for which the policies were applied (Fig. 3 (c) for SC1 
and SC2, Fig. 3 (d) for SC3). The climate scenarios are indicated according to color: A1b-
blue, B1-green and A2-red. The lines indicate the population scenarios under each climate 
scenario: SC1-continuous lines, SC2-dotted lines and SC3-center lines. 
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6.4 The Sensitivities of the Regional Water Conflict Models 
 The sensitivities of the regional water conflict models were evaluated in order to 
identify the countries or regions where the risk of water conflicts is the most sensitive to 
climate change and population change. The independent variables in the derived water 
conflict models are per capita water availability and the inequality of per capita water 
resource distribution, which was measured by the Gini Coefficient. Both these parameters are 
functions of climate change and population change. Nevertheless, considered that their 
correlation coefficients for all the water conflict adaptability groups were lower than 0.4, they 
were considered as independent variables.  
 Even though the primary variables which drive the water conflict models are per 
capita water availability and the inequality of per capita water resource distribution, these two 
variables cannot be changed independent of each other in practice. When either the population 
or the water availability of a country changes, both the above basic variables change together. 
However, by changing the grid population by a factor, which is uniform all over the country, 
the per capita water availability of the country could be changed without changing the 
inequality. This change is exhibited in the Fig. 6.6, by using SC1 as the normal water 
availability under climate and population changes, while SC2 uses population reduction 
policy, which is used to control the variable per capita water resources per country in equation 
5.7. The SC2 policy achieve this by assuming uniform population growth rates over all 0.5° 
grids falling inside the country boundary. Therefore, the reductions in the risk of water 
conflicts between the population scenarios SC1 and SC2 for the same year reflect only the 
population effect to the risk of water conflicts in the figures shown below. However, 
differences between the years show the combined effects of population and climate change, as 
the water availability scenarios used from 2000 to 2100 are the SRES scenarios. However, the 
Fig. 6.6 shows the countries with the risk of water conflicts more than 33% for the low-level 
water conflicts, which are more likely than the volatile water conflicts. For very low risk 
values, the benefits of population reductions were not shown in the conflict risk values. 
 If compared the risks of water conflicts in the same years, for the two population 
scenarios (SC1 and SC2), after the year 2025, the SC2 policies in the two countries shown 
(Iraq and Kenya) are very effective in lowering the risk of water conflicts. However, the risk 
of low-level water conflicts is more sensitive to the population changes than the risk of 
volatile conflicts. Until 2025 the risk of water conflicts increase under both the population 
scenarios because even though the population reduction policies in SC2 are applied after 2010, 





Fig. 6.6 (a) The variations of the risk of low-level (C5R=1, C5=1) and (b) the variations of the 
risk of volatile (C5R=2), for the water conflict adaptability country group CG1 under the 
climate scenarios A1b, B1. SC1 is the no-policy population scenario, while SC2 assumes 
population reduction policies resulting in uniform population growth rates across each 
country. Between the two policies, for the same year, the effect of population is exhibited, 
while between years the combined population and climate change effects are shown. Only the 








Fig. 6.7 (a) The reductions in the risk of low-level water conflicts in Iraq and (b) the reductions 
in the risk of low-level water conflicts in Kenya resulted in by the applied population reduction 
policy scenario SC2, over the no-policy scenario SC1. 
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rates applied by SC2 policies reduce, still the populations continue to increase until 2025. 
However, until 2050, the population effect is not evident in Kenya. The population reduction 
starts only after 2050 for Kenya. 
 However, the effects of the population reduction policies of SC2in reducing the per 
capita water availability of the two countries are not evident in Fig. 6.6. The following figure 
(Fig. 6.7) shows this clearly. Again the differences in per capita water and also in the low-
level risk of water conflicts are due to the applied population policies only. Between the years 
what is shown is the combined effects of population and climate changes. Until 2050, the 
reductions in the risk of low-level water conflicts for the same year under the population 
reduction scenario SC2 is as the same as or more than the changes between two consecutive 
years (figures 6.6 and 6.7).This implies that the risk of water conflicts is more sensitive to 
population changes than to the reductions in water availability resulted in by climate change. 
Nevertheless, by comparing figures 6.7(a) and (b), the quantitative reductions in the risk of 
water conflicts, or in another way, the sensitivity of the water conflict models are country-
specific, due to the indirect perturbation of the basic variables in the water conflict models: 
per capita water availability and the inequality of per capita water resource distribution. 
 
6.5 Conclusions 
The sensitivities of the risk of water conflicts are higher for low-level water conflicts 
than for the volatile water conflicts. However, the effects of population reductions in reducing 
the risk of low-level water conflicts are higher than the effects of climate change on water 
availability. Nevertheless, the sensitivities are indirect, because of the indirect perturbation of 
the basic parameters in the water conflict models. Indirect perturbation is necessary because 
of practical importance of the variable which could be changed: population, rather than the 
direct perturbation of either of the per capita water availability or of the inequality of per 
capita water resource distribution. 
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CHAPTER 7   
FUTURE VULNERABILITY OF COUNTRIES TO WATER CONFLICTS DUE TO 
THE COMBINED EFFECTS OF CLIMATE AND POPULATION CHANGES  
 
The consequences of changes in climate for society depend not only on climate 
variables, but also on characteristics inherent to the exposed system (Parry et. al. 2007). The 
importance of different socio-economic contexts in determining very different impacts of 
climate change is abundant in vulnerability, impact and adaptation literature (Van Vuuren et 
al., 2011). Poorly- maintained and designed infrastructure, low internal response capacity, and 
limited local resources for long-term recovery makes a system open for negative impacts of 
climate change and makes the recovery  process hard. Therefore, greater financial capacity, 
better education, better institutions and greater access to technical resources contributes to 
hastening recovery and rebuilding efforts. However, future vulnerability is more complicated 
to assess, because of the uncertainties involved in the future socio-economic conditions and 
events. The use of future socio-economic and climate scenarios therefore provide us with an 
opportunity in answering the question “What if?” 
Long-term global scenarios of the evolution of human and natural earth systems are an 
important tool for the assessment of climate change. The main rationale for using scenarios is 
that climate change is a slow process – where decisions today can have irreversible 
consequences for decades or even centuries. Moreover, large uncertainties play a role in 
exploring these consequences, such as the uncertainties with respect to climate sensitivity, the 
carbon cycle, technology development and economic development (Van Vuuren et al., 2011). 
Scenarios have been developed as a tool to explore different futures under clearly defined 
assumptions. This simplification facilitates a focus on a finite number of potential future 
developments, particularly with regard to future states of socio-economic variables, e.g. 
energy, land use, land cover, emissions of greenhouse gases, aerosols and short lived species, 
and climate. However, plausibility is a subjective measure of whether a characterization of the 
future is possible. Implausible futures are assumed to have zero or negligible likelihood. 
Plausible futures can be further distinguished by whether a specific likelihood is ascribed or 
not. Under this chapter, the future vulnerability of countries to the increased risk of water 
conflict is being explored as a social impact of climate change. The vulnerability is 
comprehended as to which extent the vulnerability is plausible as well. The probability of 




7.1 Future Vulnerability of Countries to the Increased Risk of Water Conflicts 
In the climate change impacts literature, the extent to which the system is unable to 
cope with a hazard is often referred to as “vulnerability” (Klein et al., 2007, Moss et al., 2001, 
O’Brien et al., 2004, Parry et. al., 2007). In order to describe the future vulnerability, 
qualitative and quantitative information on societal developments (such as those captured in 
socio-economic scenarios) are used. In contrast to mitigation, societal development trends are 
more important for adaptation than specific climate policy. Thus, the assessment of 
vulnerability, impacts and adaptation requires not only a description of expected climate 
change, but also associated a description of socio-economic conditions. In brief, climate 
change impacts (IPCC, 2007) are a function (f) of exposure, sensitivity of the exposed system 
and adaptation capacity, thus,  
( )capacityadaptiveysensitivitosurefimpact ,,exp=    …(7.1) 
In the literature, the term vulnerability is sometimes used to describe the combination 
of these three factors, but sometimes it is used more specifically to indicate the importance of 
the last two factors (IPCC, 2007, Van Vuuren et al., 2011). Our research uses this definition 
of vulnerability. 
( )capacityadaptiveysensitivitferabilityvu ,ln =     …(7.2) 
Future vulnerability (sensitivity and adaptive capacity) is more complex. This is partly 
because there are a very large number of factors that determine future vulnerability. Usually 
these factors are highly dependent on context and scale of analysis. It is influenced by the 
magnitude of the exposed system (e.g., number of people at risk), the sensitivity of the 
exposed system (e.g., the potential impacts on the affected system per unit of climate change), 
and the adaptive capacity. The literature indicates that adaptive capacity is influenced by 
factors that are difficult to quantify, like social capital (Adger, 2003), institutions and 
governance, technological capabilities and level of economic development (Brooks et. al., 
2005). 
7.1.1 The adaptive capacity of countries to the risk of water conflicts 
The adaptive capacity of the countries to the risk of water conflicts was discussed in 
detail under the chapter 4. It was hypothesized that the socio-economic and physical 
conditions which define the adaptability is similar for some countries, rather than trying to 
quantify it. Five factors were employed to identify country groups with similar adaptabilities, 
namely: ground water dependability, dependence on external water resources, average per 
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capita water availability of a country, economic capacity of a country indicated by the per 
capita GNI of a country and the yearly national population growth rates. Thirteen water 
conflict adaptability groups were identified. The water conflict risk- models were also derived 
for each of these adaptability country groups. The sensitivity analysis and also the 
vulnerability analysis therefore are done inside these water conflict adaptability country 
groups as well. However, only non-island countries were considered for this analysis because 
of the limitation of the scale of the water conflict –event data available in the TFDD (Wolf, 
1999) dataset. Only international water conflict events have been recorded in this data base. 
7.1.2 The sensitivity of countries to the risk of water conflicts  
The sensitivity of countries to the risk of water conflicts were discussed in detail under 
chapter 6. Even though all countries in an adaptability country group were not similar in 
sensitivities to water availabilities and inequalities resulted by climate change, some were 
highly sensitive. These countries were identified, and are being employed in this section as 
the countries with highest vulnerability to the increased risk of water conflicts. The water 
conflict models to estimate the risk of water conflicts were derived under the chapter 5.   
7.2 Plausibility of the future vulnerability of the risk of water conflicts due to climate 
change 
In this research the vulnerability was defined as the increase in probability of water 
conflicts with time. However, this does not ensure that under the considered climate and  
Table 7.1 The plausibility of a water conflicts, quantified as the likelihood of occurrence of 
water conflicts 
Terminology Likelihood of the occurrence/ outcome 
Virtually certain > 99% probability of occurrence 
Very likely > 90% probability 
Likely > 60% probability 
More likely than not > 50% probability 
About as likely as not 33% to 66% probability 
Unlikely < 33% probability 
Very unlikely < 10% probability 
Exceptionally unlikely < 1% probability 
(Source: IPCC, 2007) 
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population scenarios, there will be a water conflict. The probability of water conflict might 
still be very small, even with the increase. However, IPCC (2007) has defined a standard 
terminology to classify probabilities, which would help us to comprehend the involved 
likelihood of having a water conflict in the future. 
 
7.3 The Climate and Population Scenarios Utilized 
7.3.1 Climate scenarios utilized 
Climate scenarios employed are SRES A1b, B1 and A2 (IPCC, 2007), as discussed 
under chapter 6. 
The A1b emissions scenario belongs to the A1 storyline and scenario family. The A1 
storyline and scenario family describes a future world of very rapid economic growth, the 
rapid introduction of new and more efficient technologies. Major underlying themes are 
convergence among regions, capacity building and increased cultural and social interactions, 
with a substantial reduction in regional differences in per capita income. The technological 
emphasis of the A1b scenario is based on the assumptions that the energy system does not 
rely heavily on either fossil fuels or on non-fossil fuels. Similar improvement rates also apply 
to all energy supply and end-use technologies. The global population is assumed to peak in 
mid-century and decline thereafter, resulting in a global population of around 7 billion in the 
year 2100. 
The B1 storyline and scenario family describes a convergent world with the same 
global population, that peaks in mid-century and declines thereafter, as in the A1 storyline, 
but with rapid change in economic structures toward a service and information economy, with 
reductions in material intensity and the introduction of clean and resource-efficient 
technologies. The emphasis is on global solutions to economic, social and environmental 
sustainability, including improved equity, but without additional climate initiatives. 
The A2 storyline and scenario family describes a very heterogeneous world. The 
underlying theme is self-reliance and preservation of local identities. Economic development 
is primarily regionally oriented and per capita economic growth and technological change 
more fragmented and slower than other storylines. Fertility patterns across regions converge 
very slowly, which results in continuously increasing population, resulting in a global 





7.3.2 Population scenarios utilized 
As in many existing impact analyses, the population scenarios utilized here are 
different than the population scenarios on which the SRES scenarios are based. However, the 
scenario without any population policy focus (SC1) is similar to that used in the SRES A1b 
scenario giving a 15.7 billion global population at 2100. The other two scenarios have 
population policy focus, to control population (SC2 and Sc3). There is an elaborative 
discussion in chapter 6 on the population scenarios utilized. 
 
7.4 The Future likelihoods of water conflicts due to climate change 
 The future likelihoods of water conflicts are shown in the figures 7.1 and 7.2. These 
figures also emphasize the sensitivities of countries to the increased risk of water conflicts in 
bold face red color letters. Highly sensitive countries, but with reducing risk of water conflicts 
are shown in bold face blue letters as well. Fig. 7.1 shows the likelihoods of the volatile water 
conflicts (definition in detail in Chapter 5), where water conflict indicator C5R takes on the 
value 2. This is the situation where there will be water conflicts in at least three out of five 
consecutive years from the year concerned (if 2000 is the year of concern, water conflicts in 
the period 2000-2004). The Fig. 7.2 explains the likelihoods of low-level water conflicts 
increased or reduced by climate change. Low-level water conflicts are situation where at least 
two years are conflicting years in the five years (eg. 2000-2005) from the year of concern (eg. 
2000), in the case of water conflict indicator C5R, and at least one year is in conflict under the 
conflict indicator C5.  
Increase in likelihood or decrease in likelihood is decided compared to the probability 
of conflicts in the year 2000. If the probability of water conflicts of a country increases in at 
least two of the occasions from 2025, 2050 or in 2100, it was considered the likelihood of 
water conflicts increased because of climate change. But these countries are indicated in bold 
red, only when the increase crosses over different likelihood categories (IPCC, 2007). When 
at least in two occasions above, the likelihood of water conflicts decreases, and crosses over 
different likelihood categories, those countries are indicated in bold blue. However, only the 
not-unlikely (probability of water conflict is more than 33%) water conflicts are recorded in 
the Figures. These results are for the countries belonging to the water conflict adaptability 
country classes CG1, CG2 (Based on the interaction model between CG2 and CG4), CG3 
(based on the interaction model between CG1 and CG3), CG4, and for the interaction groups 

























































A1b B1 A2 
2000 2025 2050 2100 2000 2025 2050 2100 2000 2025 2050 2100 
Fig. 7.1 The likelihoods of volatile water conflicts (C5R= 2) caused by climate change from 2000 to 2100. However, in the legend of the 
likelihood classes, the notation C is used. All countries where water conflicts are not unlikely (P(C=1)>33%) are reported here. Bold letters 
indicate the sensitivity of the countries; Black lettering indicates that the likelihood does not change significantly. Bold red means the likelihood 






































































































Fig. 7.2 The likelihoods of low-level water conflicts (C5 =1, or C5R= 1) from 2000 to 2100. However, in the legend of the likelihood classes, the notation C 
is used to indicate both. All countries where water conflicts are not unlikely (P(C=1)>33%) are reported here. Black lettering indicates that the likelihood 
does not change significantly. Bold red means the likelihood increases significantly. Bold blue means likelihood reduces significantly. 
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Volatile conflicts are virtually certain (Fig. 7.1, Table 7.1) in Angola, Indonesia and 
Tajikistan, before 2025 under the climate scenario A1b. However, the likelihood decreases 
significantly in 2050. For Angola the likelihood reduces from virtually certain until 2025 and 
unlikely in 2050 to very likely in 2100. However, under the climate scenario A1b, the risk of 
volatile water conflicts significantly reduces around the year 2050; there is not a single likely 
water conflict under the scenario A1b. However, China’s likelihood of volatile conflicts 
significantly increases after 2050 to 2100, where water conflicts become virtually certain in 
2100. China’s increase in likelihood of water conflicts is agreed by the other two climate 
scenarios as well, water conflicts becoming a virtually certain event around the year 2100. 
Angola’s likelihood of water conflicts reduces in three of the years, however only in one year 
the reduction crosses into the very likely category, from the virtually certain state. Therefore, 
all through 2000-2100, for Angola, water conflicts are very likely. Even though Indonesia’s 
likelihood of volatile water conflicts does not change through time, volatile water conflicts 
are estimated to be virtually certain under the scenarios B1 and A2. However, for Tajikistan 
volatile water conflicts are estimated to be an unlikely event under these two scenarios. 
The likelihoods of low-level water conflicts are shown in the Fig. 7.2. Virtually 
certain low-level water conflicts are estimated only in one occasion, in 2100 under the 
scenario A1b for Liberia. However, for Liberia, low-level water conflicts are estimated to be 
a more-than likely event under scenarios B1 and A2, which exert high population pressures 
on the available water rsources. Very likely (Table 7.1) low-level water conflicts are also rare, 
except in the Russian Federation. The Russian Federation is estimated to experience low-
level water conflicts all through 200-2100, under all the three climate scenarios A1b, B1 and 
A2. However, climate change does not change the likelihood of conflicts significantly for the 
Russian Federation. Under the A1b the likelihood of low-level water conflicts of Guinea 
change from very likely to likely. However, under A2 it happens in the other direction, where 
the likely event of low-level water conflict becomes very likely after 2050. Nevertheless, 
under the scenario B1, low-level conflicts are estimated to be an unlikely event in Guinea. In 
many South American countries such as Chile, Argentina, Brazil, Uruguay, Venezuela and 
Colombia, low-level water conflicts are a likely event, even though the likelihoods do not 
change over time, or under the different climate scenarios. However, for the South American 
countries the accuracy of water conflict models estimates are low (Chapter 5). However, for 
CG 10, 11, 12 interaction country group to which Luxembourg belongs to, for CG3 and CG1 
to which Kenya, Sudan, Uzbekistan, Romania, Latvia and Guinea belong to and for CG13 to 
which USA belongs to are very accurate in estimating the probability of water conflicts. 
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Therefore, even though care should be taken in understanding the results in Fig. 7.2, it 
provides a very useful picture in understanding the climate change behavior in changing the 
likelihood of low-level water conflicts. 
However, figures 7.1 and 7.2 do not share at least one country. This shows that when 
the likelihood changes for volatile water conflicts and for low-level water conflicts, in turn, 
the likelihood of no conflicts change complementarily, rather than the water conflicts 
increasing in intensity, or reducing in intensity. These figures serve as essential windows for 




The vulnerability of countries to the increased risk of water conflicts resulted by 
climate change was assessed under this chapter. Vulnerability was considered as the 
increased likelihood of water conflicts. Plausibility of the future vulnerability estimates were 
assured by using the standard likelihood classification of the IPCC.  
Volatile water conflicts are virtually certain for Indonesia, and for Angola, they are 
very likely to virtually certain to occur from 200-2100, under all the considered climate 
scenarios: A1b, B1 and A2. Nevertheless, for China, climate change increases the likelihood 
of volatile water conflicts significantly, from about as likely as not in the year 2000, to 
virtually certain in the year 2100, under all the three climate scenarios. 
Low-level water conflicts are not estimated to be virtually certain in conformity with 
all the three scenarios, A1b, B1 and A2. However, for the Russian Federation, it is very likely 
under all the scenarios. For all the other countries, where low-level water conflicts are not 
unlikely (probability of conflict>33%), the likelihood stays below likely and does not 
increase more than under climate change. However, the estimations confirm across the 
scenarios very well. 
However, the water conflicts changing in intensity is not shown to be a possibility 
under the effects of climate change. 
This vulnerability assessment is aimed to help the water resources managers and the 
research community alike, to device climate change adaptation measures for the affected 








 The rationale of this research is to assess the vulnerability and impacts of climate 
change and population change to the society. Many vulnerability and impact studies focus on 
the physical impact to the natural and anthropogenic systems. Social impact assessments are 
even rare at the global scale. The social impact of climate change considered under this study 
is the increasing risk of water conflicts. The future vulnerability to the increased risk of water 
conflicts under climate change was assessed in terms of sensitivity and adaptability of 
countries to the risk of water conflicts. Water conflict is a conflict which necessarily has its 
root causes in water related issues. However, the use of the term “Conflict” is not limited to 
armed conflicts or ones involving injuries or death to humans. It ranges from the situation 
commonly referred to as an argument, also to armed situations as well. However, it is widely 
acknowledged that armed conflicts are not common on water sharing issues. Rather, the 
water conflict develops into other conflicts as ethnic or political conflicts, destabilizing 
nations. 
 Water availability was assumed as the simulated annual average river discharges of 
horizontal resolution 0.5 degrees, which is available for the use of the population in the 0.5 
degree grid. Data were obtained from the University of Tokyo, from the Total Runoff 
Integrating Pathways routing scheme under four climate scenarios, 20c3m for the present 
climate until 1999, and for future scenarios A1b, B1 and A2 until 2100, under four GCMs: 
CCSM3, MIROC3.2, CGCM2.3.2 and UKMO. The countries with different adaptabilities to 
the increased risk of water conflicts were first identified using a classification method, which 
considers economic, social and physical parameters other than simple water availability 
directly affected by climate change. Within these conflict adaptability country groups, the 
inter-relation of water availability and the inequality of the water resources distribution, 
which are factors directly affected by climate change with the probability of water conflicts 
was investigated. Water conflicts models were derived and were validated for each water 
conflict adaptability country group, aiming to estimate the probability of water conflicts and 
the change in the likelihood of water conflicts thereby, because of climate change. Utilizing 
the validated water conflict models, the future vulnerabilities of countries to the increased 
risk of water conflicts were estimated. The plausibility of the results was confirmed across 
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scenarios and in confirmation with the IPCC terminology for the classification of likelihood 
of an event. 
8.2 Conclusions 
 Vulnerability of a natural or anthropogenic system to an impact depends on the 
adaptive capacity of that system to the changes to the impact and the sensitivity of the system 
to the changes of the affecting factors. Therefore, to quantify the vulnerability of the society 
to climate change impacts, in terms of the risk of water conflicts, first the adaptabilities of 
social systems considered as the countries, were classified to identify the countries similar in 
adaptabilities.  Within the 136 countries classified, only 116 countries of the classification 
could be confirmed, with a comparison to present conflict occurrences. Thirteen water 
conflict adaptability groups were identified. The two highest conflict adaptability groups, 
with countries of low groundwater dependency (<50%) and high external water dependency 
(>30%) together with the lowest adaptive capacity (GNI per capita < 13 195 International 
Dollars, PPP) were classified with above 54% accuracy. The five adaptability groups with 
lowest water conflict adaptability have a total ability to address water conflicts in south and 
Southeast Asia, Africa and South America. The countries grouped into the most vulnerable 
two groups do not possess many water resources options from their neighboring countries, 
even though virtual water import as a solution for booming food needs has a capacity to 
reduce the conflict vulnerabilities of these countries. Nevertheless, these developing countries 
having the highest demands for food are only being traded with 5–10% of the world food 
production. Therefore, international food trade opportunities should be more open for these 
countries.  
The above classification addressed the adaptability of countries to the risk of water 
conflicts, along with the economic, social and physical parameters govern the ignition of a 
water conflict. Nevertheless, the water availability and the distribution of water resources 
over space is critical in defining climate change impacts and thereby, vulnerability. 
Therefore, inside the country groups similar in adaptability to the increased risk of water 
conflicts, the inter-relation of per capita water resources of a country and the inequality in 
distribution of the resource was explored. Two dummy water-conflict indicators, 5-year 
conflict and 5-year conflict risk, were employed to indicate the near future (within the next 5 
years) probability of a water conflict. Conflict model derivation was conducted for 1990, and 
validation was conducted for the year 2000. Country groups with the lowest adaptability to 
water conflict incidence, the CG1, CG2, CG3 and CG4 groups, showed significant 
associations with model coefficients for Logit regressions on the near-future water-conflict 
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indicators 5-year conflict and 5-year conflict risk. Inequality in per capita water distributions 
was highly associated with these two water-conflict variables. Country groups classified as 
having both the lowest economic capacity (per capita GNI (ppp) lower than 13195 
International Dollars) and the lowest per capita water availability (CG1 and CG3) showed an 
increasing probability of low-level and volatile water conflicts with increasing inequalities. 
Inequalities were highly significant in estimating volatile water conflicts in these two 
adaptability groups, whereas the odds of low-level conflict incidence were higher than those 
for the incidence of volatile water conflict. Particularly on the South American continent and 
the African continent, country groups with low economic capacity but high water resources 
per capita, the CG2 and CG4 groups (multivariate classes 1 and 3, per capita GNI (ppp) lower 
than 13195 International Dollars), showed increasing low-level water-conflict probabilities 
with increasing inequalities in per capita water distributions, with significant model fits and 
regression coefficients. In these two conflict-adaptability groups, the odds of new conflict 
onset or dormant conflict escalation increased by more than two-fold when inequality rose 
above 0.85 and 0.80, respectively. Therefore, the institutional and infrastructural 
arrangements that provide better access to and more equal distribution of water resources will 
lower the probability of water conflict incidence in countries with low economic capacity.  
In indicating the incidence of water conflicts, the interactive country groups CG10, 
CG11 and CG12 were the best modeled, with an overall accuracy of 85.7% and a false-
negative rate of 0.0%, whereas CG2 had the most modeling errors (a false-negative rate of 
66.7% and a false-positive rate of 87.5%). However, CG2 produced an overall accuracy of 
74.0%. The overall modeling of the incidence of water conflicts had an accuracy of 54.1% 
along with a false-positive rate of 34.0% and a false-negative rate of 11.9%. 
 The sensitivity of the countries utilized for the classification to the parameters 
governing the water conflict models were explored next, in view of completing the 
requirements for the assessment of vulnerability. Because per capita water availability and 
inequality in the per capita water distributions in space both are functions of water available 
and the population, population was changed to obtain the changes in the two parameters for 
the water conflict models. The effectiveness of population policy to reduce the stress on per 
capita water was also explored. The sensitivities probabilities of countries to the risk of were 
high at high inequalities, which are larger than 0.80. However, with changes in per capita 
water availability, the sensitivity of the probability of water conflicts did not show a clear 
variation. In reducing the population stress on the available water resources, population 
policy was proposed as an adaptation measure in the study. For countries with high water 
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stress (annual per capita water < 1700 m3/year), the climate change effects are far outpaced 
by the population change effects. The fertility-reduction policy scenario assumes policy only 
for a number of countries with high population growth rates. Most of these countries belong 
to Sub-Saharan Africa. These countries represent 24.5% of the global population in 2100. 
However, the population reduction policies which were assumed to give long-term drops in 
population growth rates similar to that of China, was very effective in reducing water stress in 
the countries suffering from water scarcity. They were effective in reducing the area stressed 
inside countries as well. The sensitivity of the countries to climate change impacts on water 
resources is lower than the sensitivity to population stress. 
 Next, by combining the adaptability of countries and the sensitivity to climate change 
impacts on water resources, assumed as the increased risk of water conflicts, the future 
vulnerability of countries to the increased risk of water conflicts resulted by climate change 
was assessed. The plausibility of the future vulnerability estimates were assured by using the 
standard likelihood classification of the IPCC and by seeking confirmation in all scenarios 
used: A1b, B1 and A2. Volatile water conflicts are virtually certain for Indonesia, and for 
Angola, they are very likely to virtually certain to occur from 200-2100, under all the 
considered climate scenarios: A1b, B1 and A2. Nevertheless, for China, climate change 
increases the likelihood of volatile water conflicts significantly, from about as likely as not in 
the year 2000, to virtually certain in the year 2100, under all the three climate scenarios. 
Low-level water conflicts are not estimated to be virtually certain in conformity with all the 
three scenarios, A1b, B1 and A2. However, for the Russian Federation, it is very likely under 
all the scenarios. For all the other countries, where low-level water conflicts are not unlikely 
(probability of conflict>33%), the likelihood stays below likely and does not increase more 
than under climate change. However, the estimations confirm across the scenarios very well. 
However, the water conflicts changing in intensity is not shown to be a possibility under the 
effects of climate change. 
8.2.1 Limitations of the study and applicability 
 This research aims at quantifying the probability of water conflicts igniting. However, 
it does not aim at exploring the development of secondary conflicts such as ethnic or political 
conflicts. Therefore, the conflict data utilized are essentially the international relations 
between countries sharing international water courses, which are governed by the water 
resources issues. Nevertheless, it introduces a limitation to our study, which could not be 
developed across different spatial scales. Moreover, only non-island countries were employed 
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in the analysis, as they only share international water courses. Island countries could not be 
considered. 
 The use of simulated water availability data introduces uncertainties and limitations to 
the study. Available water resources were assumed to be the simulated river discharges. Even 
though the data simulates the shallow ground water resources associated with river systems, 
they do not consider the deep aquifer water resources. In order to minimize the effect to the 
accuracy of the study, the countries which are highly dependent on ground water resources 
were identified and the study was limited to low-ground water dependent countries.  
 The use of scenarios introduces very high uncertainty to any research. However, 
scenarios are only shows future paths and shows what is possible results if taken that exact 
path. Therefore, uncertainties are inheriting. However, by confirmation across scenarios, and 
employing standard methods to assure plausibility of the scenarios were undertaken at every 
occasion possible. 
 The Table 8.1 summarizes the applicability of the methodology and of the derived 
water conflicts models. 
8.3 Recommendations 
 The following enhancements are recommended for the further improvement of the 
study. Therefore, future research which build upon this research, or utilize the results from 
this research should consider the following. 
• Nowadays the assessment of ground water and its use is improving rapidly. The open 
access of global ground water databases is also improving. Therefore, considering 
ground water availability in the analysis will improve the selection of sample 
countries in deriving the water conflict models, which intern will improve the 
accuracy of the models significantly. 
• Only the effects of population policy to reduce the population stress on water 
resources and to enhance adaptation to climate change were assessed. The 
effectiveness of population policy to reduce inequality of the water resources should 
be addressed, as it is the other parameter which governs the estimation of the risk of 
water conflicts.  
• The effects of population policy to reduce the likelihood of water conflicts should also 
be addressed. However, population policy should be considered as a low-regret 
measure to enhance adaptation to climate change. As future climate change scenarios 
inherit high uncertainties, adopting population policy solely to enhance climate 
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change adaptation is not advisable. Nevertheless, other social and economical benefits 
of population policy, such as increasing the rate of the development process are 
already established. 
Table 8.1 The applicability of the research and the fitted water conflict models 
 Limitation of the research Applicability 
11 Water conflict models were 
derived and validated in the 
country scale, not in other 
scales as the basin scale. 
The basin scale could be considered as a collection of 
countries sharing the basin. As the basic management 
unit for the international water conflicts within the basin 
is the country, the method of this research is directly 
applicable to the basin scale. Even within the basin, the 
basic management units are the country governments 
which become the parties to any water sharing 
agreements or development agreements. 
22 Water conflict models were 
not derived and validated in 
the community scale (eg. an 
irrigation scheme) 
Even though trends of water conflicts were observed in 
the community scale, the data availability such as 
populations in settlements and the irrigation supplies in 
the irrigation channels has to be estimated by personal 
surveys conducted by the researcher. To estimate sub-
irrigation system level aggregated W and G, the above 
finer-scale data is needed. As the incidents of water 
conflicts in one year, or one cultivation season is very 
low, consideration of a longer time period in deriving the 
water conflict models might be required. 
However, the high seasonal variability of the physical 
variables W and G could not be addressed by our 
methodology.  
Therefore, Even though the methodology has a limited 
applicability, our water conflict models are not directly 
applicable in local scales finer than the country scale. 
33 TRIP data used in 
regressions (in water 
conflict models) only 
consider shallow ground 
water 
Even though the classification identified the heavily 
groundwater dependent countries, for these countries, 
water conflict model fits are not significant. Therefore, 
our risk analysis excludes these countries. However, 
identification of these countries improved the accuracy of 
the models in other adaptability groups. Now, regional/ 
global groundwater databases (European Environment 
Agency, Waterbase, 2012) are improving. Therefore, this 
method has better applicability in future applications. 
44 TRIP data used in 
regressions (in water 
conflict models) do not 
consider reservoir effects to 
flow 
Even though the actual water conflict events (TFDD, 
Wolf, 1999) and therefore the water conflict indicators 
regressed to the physical parameters W and G readily 
consider the effects of dams, W and G do not. Only in 5 
out of 13 water conflict adaptability groups have 
significant water conflict models with good accuracy. 
With improved data however, improvements in the 
accuracy of water conflict models and in the significance 
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